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Preface 


The  purpose  of  this  text  is  to  state  simply  and  clearly  the  main  facts 
and  principles  on  which  a  sound  and  teachable  course  in  biology  can 
be  based.  This  requires  that  the  balance  between  the  botanical  and  zoo¬ 
logical  portions  be  such  as  to  provide  for  a  real  grounding  in  each  of 
these  subjects.  So  far  as  is  possible  stress  has  been  laid  on  facts  which  can 
be  verified  either  in  the  laboratory  or  from  common  experience.  Em¬ 
phasis  has  been  laid  on  the  scientific  method  and  the  mode  of  presenta¬ 
tion  is  designed  to  develop  the  habit  of  logical  thinking  in  the  student. 
The  order  in  which  the  material  is  presented  has  been  chosen  both  with 
regard  to  the  logical  development  of  the  subject  and  to  a  close  correla¬ 
tion  between  laboratory  and  classroom  work.  Nevertheless  this  order 
need  not  be  strictly  adhered  to  as  the  parts  of  the  book  are  to  a  consider¬ 
able  extent  independent.  To  give  latitude  to  the  teacher  and  make  pos¬ 
sible  variations  in  the  course  from  year  to  year  in  a  number  of  cases 
alternative  types  have  been  discussed  and  sections  have  been  written 
so  that  they  may  be  omitted  or  included  without  serious  loss  of  continuity. 

The  book  is  divided  into  six  parts.  The  first  part,  on  the  nature  of  life, 
aims  to  develop  a  general  foundation  from  which  the  scientific  study  of 
biology  can  proceed.  The  second  part  deals  with  plant  life  and  takes  up 
the  various  groups  of  plants,  beginning  with  the  simplest  and  ending 
with  an  account  of  the  morphology  and  physiology  of  the  higher  plants. 
This  plan  is  followed  in  the  third  part  which  deals  with  the  lower  animals 
(Invertebrates).  The  fourth  part  continues  the  account  of  animal 
life  and  is  devoted  to  the  anatomy  and  physiology  of  the  frog  and  man. 
Rounding  out  the  picture  of  the  living  processes  the  fifth  part  treats 
development  and  heredity  in  plants  and  animals.  The  sixth  and  last 
part  aims  to  give  a  broad  view  of  the  organic  world  and  its  evolution. 

The  instructor  may  prefer  to  go  rather  rapidly  through  the  first  part 
and  to  follow  this  with  the  fourth  part  dealing  with  the  anatomy  and 
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physiology  of  the  frog  and  man,  dissecting  the  frog  in  the  laboratory 
at  the  same  time.  This  may  then  be  followed  by  the  lower  animals  as 
treated  in  the  third  part  or  plants  as  treated  in  the  second  part.  The 
text  can  be  adapted  to  other  sequences  and  adjusted  to  the  time  of  the 
year  and  the  part  of  the  country  in  which  the  course  is  given.  The 
material  in  the  last  two  parts  dealing  with  heredity  and  evolution  would 
seem  to  come  naturally  at  the  end  of  the  course. 

The  chapters  in  the  separate  parts  of  the  book  are  also  to  a  consider¬ 
able  extent  independent  although  arranged  in  a  logical  sequence.  Thus 
the  first  chapter  in  the  first  part  on  the  method  of  science  aims  to  orient 
the  student,  especially  the  beginner  in  science,  toward  the  scientific  ap¬ 
proach.  In  the  second  chapter  on  the  general  characteristics  of  living 
things  the  scientific  method  is  applied  to  the  problem  of  what  constitutes 
a  living  thing.  The  third  chapter  serves  to  broaden  this  first  view  and  to 
give  a  brief  survey  of  the  world  of  organisms.  In  the  fourth  chapter  atten¬ 
tion  is  directed  toward  the  cell  as  the  fundamental  unit  of  life  in  which 
the  living  processes  are  carried  on.  In  the  next  three  chapters  which  deal 
with  the  structure  of  matter,  organic  compounds  and  cell  physiology 
the  analysis  is  carried  further  into  the  inorganic. 

Here  again  varied  treatments  are  possible.  The  third  chapter  on  the 
classification  of  plants  and  animals  may  be  put  over  to  the  end  of  the 
first  part  or  omitted  entirely  in  favor  of  the  discussions  in  the  separate 
chapters  of  the  second,  third,  and  fourth  parts.  The  fifth  and  sixth  chap¬ 
ters  on  the  structure  of  matter  and  organic  compounds  may  be  omitted 
or  assigned  as  reading,  especially  in  the  case  of  students  already  familiar 
with  chemistry  and  physics. 

In  the  case  of  the  second  and  third  parts  of  the  book  which  deal  with 
plants  and  invertebrates  it  is  assumed  that  the  order  of  presentation 
will  be  that  of  the  text  although  here  again  certain  chapters  and  parts 
of  chapters  may  be  omitted.  Thus  in  the  second  part  Chapter  10  on  the 
liverworts  and  mosses.  Chapter  1 3  on  the  Gymnosperms,  and  Chapter  1 7 
on  the  economic  importance  of  plants  may  be  omitted  without  interrupt¬ 
ing  the  continuity.  Chapter  1 2  on  the  alternation  of  generations  may  be 
read  either  after  Chapter  10  on  the  liverworts  and  mosses  or  after  Chap¬ 
ter  11  on  the  ferns  and  their  relatives.  Similarly  parts  of  the  third  part 
may  be  omitted.  This  is  especially  true  of  Chapter  23  on  the  arthropods. 
Here  the  instructor  may  choose  between  the  crayfish,  grasshopper  or  bee 
as  a  type  to  be  studied  in  detail. 

Although  revised  throughout,  the  present  edition  differs  from  the  two 
previous  editions  chiefly  in  Parts,  I,  V,  and  VI.  In  Part  I  a  chapter  on 
the  characteristics  of  living  things  has  been  added,  the  chapter  on  the 
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cell  has  been  expanded  and  the  chapter  on  the  physical  basis  of  life  has 
been  entirely  rewritten  and  now  forms  three  chapters  dealing  respectively 
with  the  structure  of  matter,  organic  compounds,  and  cell  physiology. 
The  chapter  on  the  world  of  life  in  the  earlier  editions  has  now  been 
moved  to  Part  VI  where  it  has  been  expanded  to  include  a  discussion 
of  the  environment  and  geographic  distribution.  The  chapters  in  the 
second  edition  grouped  under  the  heading  “Principles”  and  placed  in 
Part  V  are  in  this  edition  separated  into  two  parts.  One  of  these.  Part  V 
of  this  edition,  contains  the  chapters  dealing  with  development  and 
heredity.  The  other  part,  now  Part  VI,  entitled  “The  Organic  World 
and  Its  Evolution”  contains  the  chapters  on  evolution  in  Part  V  of 
the  earlier  editions  and  a  chapter  entitled  “Animals  and  Plants  in 
Relation  to  Their  Environment.”  The  chapter  on  the  mechanism  of 
evolution  has  been  considerably  expanded,  chiefly  by  the  addition  of  a 
section  on  “The  Origin  of  Species  in  the  Light  of  Present  Knowledge.” 
It  is  hoped  that  the  small  amount  of  elementary  algebra  necessarily 
introduced  in  the  discussion  of  the  application  of  statistical  methods  to 
the  study  of  evolution  will  not  preclude  a  consideration  of  this  new  and 
important  field.  In  place  of  the  detailed  table  of  contents  in  the  earlier 
editions,  the  table  of  contents  in  this  edition  has  been  reduced  to  a  list 
of  chapter  headings  and  at  the  end  of  each  chapter  a  topical  outline 
is  added  giving  in  detail  the  contents  of  the  chapter. 
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PART  I.  The  Nature  of  Life 


“Of  all  human  ambitions  an  open  mind  eagerly  expectant  of  new  discoveries 
and  ready  to  remold  convictions  in  the  light  of  added  knowledge  and  dispelled 
ignorances  and  misapprehensions,  is  the  noblest,  the  rarest  and  the  most  difficult 
to  achieve.” 


James  Harvey  Robinson 


CHAPTER  ] 


The  Scientific  Method 

and  Its  Application  to  Biology 


Science  aims  to  give  us  an  accurate  and  consistent  mental  picture  of 
the  world  around  us  and  of  ourselves.  To  make  this  picture  understand¬ 
able,  science  tries  to  explain  the  varied  phenomena  which  pass  before 
our  senses  in  terms  of  general  laws.  These  general  laws  bring  order  into 
the  picture.  The  knowledge  which  this  mental  picture  has  given  to  man¬ 
kind  has  proved  a  very  useful  tool  for  solving  practical  problems  and 
thus  has  had  a  tremendous  effect  on  our  way  of  life  and  standard  of 
living.  The  success  of  science  in  providing  this  knowledge  is  due  largely 
to  the  method  which  it  employs.  There  is  no  more  important  intellectual 
possession  or  practical  advantage  to  be  gained  from  a  study  of  science 
than  a  thorough  appreciation  of  its  method  and  scope. 

1.  A  GENERAL  OUTLINE  OF  THE  SCIENTIFIC  METHOD 

The  scientist  is  first  and  foremost  an  observer  —  an  observer  who 
tries  to  see  things  clearly  and  exactly  as  they  are.  But  he  does  not  stop 
here;  he  tries  to  explain  what  he  observes.  His  explanation  is  usually 
given  in  the  form  of  a  general  statement  which  correlates  and  brings  into 
harmony  a  group  or  series  of  observations.  Such  a  general  statement, 
when  first  made  and  in  its  tentative  form,  is  called  an  hypothesis.  After 
an  hypothesis  has  been  formulated  it  must  be  tested,  and  it  is  here  that 
the  scientific  method  shows  its  particular  merit. 

Three  types  of  test  may  be  applied  to  an  hypothesis.  In  the  first  of 
these,  which  is  the  more  direct,  further  observations,  similar  to  those 
which  suggested  the  hypothesis,  are  made,  perhaps  under  somewhat 
different  conditions.  Since  the  hypothesis  is  now  definitely  on  trial,  the 
observations  may  be  of  a  more  critical  nature  and  designed  to  show 
specifically  whether  the  hypothesis  really  covers  the  situation.  These 
later  observations  may  give  further  support  to  the  hypothesis,  or  they 
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may  show  that  it  needs  modification,  or  that  it  should  be  abandoned 
entirely.  In  the  second  type  of  test,  which  is  less  direct,  a  logical  deduc¬ 
tion  may  be  made  from  the  hypothesis  —  a  deduction  which  seems  to 
follow  necessarily  from  the  hypothesis  and  to  stand  or  fall  with  it.  A 
new  series  of  observations  is  now  made  to  test  for  the  occurrence  of  the 
phenomenon  indicated  in  the  deduction.  If  these  new  observations  show 
that  the  indicated  phenomenon  occurs,  the  original  hypothesis  is  sup¬ 
ported;  if  not,  the  inconsistency  must  be  explained.  The  third  type  of 
test  requires  the  use  of  one  or  more  experiments.  In  the  experiment  cer¬ 
tain  factors,  usually  variable  in  the  natural  occurrence  of  the  phenome¬ 
non,  may  be  controlled  or  kept  constant,  so  that  the  particular  relation¬ 
ship  stated  in  the  hypothesis  may  be  more  clearly  demonstrated.  An 
experiment  is  usually  devised  so  as  to  determine  whether  a  certain  thing 
does  or  does  not  happen  under  a  given  set  of  conditions. 

An  example  will  make  clear  the  differences  between  the  three  types 
of  test.  A  careful  dissection  of  the  head  of  an  insect  reveals  a  slender 
strand  of  tissue  extending  from  the  “brain”  to  the  eye.  This  leads  to 
the  hypothesis  that  this  is  the  optic  nerve  along  which  nerve  impulses 
pass  from  the  eye  to  the  brain.  The  first  type  of  test  applied  to  this  hy¬ 
pothesis  would  involve  the  dissection  of  more  specimens,  and  perhaps 
specimens  of  different  species  of  insects,  to  determine  whether  the  struc¬ 
ture  observed  was  of  constant  occurrence;  also,  a  microscopic  study  of 
the  tissue  might  be  made  to  ascertain  whether  its  structure  resembled 
that  of  nerves  in  the  other  parts  of  the  body.  These  observations  would 
probably  make  it  possible  to  determine  quite  definitely  whether  or  not 
the  strand  of  tissue  really  should  be  considered  the  optic  nerve.  In  the 
second  type  of  test  the  deduction  might  be  made  that  if  the  tissue  under 
investigation  is  actually  the  functional  pathway  for  nervous  impulses 
from  the  eye  to  the  “brain,”  the  strand  of  tissue  ought  to  be  thicker  in 
insects  with  large  eyes  than  in  insects  with  small  eyes  and  be  absent  in 
insects  with  no  eyes.  A  series  of  insects  with  eyes  of  various  sizes  might  be 
examined  for  this  particular  feature.  If  the  structure  and  thickness  of 
the  strand  of  tissue  was  found  to  be  correlated  as  above  with  the  size  of 
the  eyes,  the  original  hypothesis  would  receive  considerable  support.  To 
apply  the  third  type  of  test  an  experiment  would  have  to  be  devised. 
This  might  consist,  first,  of  a  series  of  observations  on  the  reactions  of  the 
insect  to  light,  during  which  it  might  be  observed  that  the  insect  moved 
away  from  a  bright  light.  This  determined,  a  delicate  operation  might 
be  performed  in  which  the  strand  of  tissue  extending  from  the  “brain” 
to  the  eye  was  cut  across.  If,  after  the  operation,  the  insect  proved  to  be 
indifferent  to  the  bright  light,  evidence  of  the  conducting  nature  of  the 
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tissue  would  be  obtained.  But  the  experiment  would  have  to  be  very 
carefully  performed  so  as  to  make  sure  that  only  the  particular  strand  of 
tissue  under  investigation  was  cut  and  also  that  the  indifference  of  the 
insect  after  the  operation  was  not  due  to  some  other  effect  or  effects  of 
the  operation.  This  can  be  guarded  against  to  a  considerable  extent  by 
the  use  of  control  insects.  In  these  insects  all  the  details  of  the  operative 
and  experimental  technique,  with  the  exception  of  the  actual  cutting  of 
the  strand  of  tissue,  would  be  carried  out.  If  the  experiment  is  to  be  used 
as  evidence  in  support  of  the  hypothesis,  the  control  animals  should  be¬ 
have  toward  the  light  in  a  normal  manner  or  at  least  in  a  manner  con¬ 
sistently  different  from  the  operated  animals. 

Sciences  which,  to  a  large  extent,  are  limited  to  verifying  hypotheses 
by  the  observation  of  phenomena  as  they  happen  to  occur  in  nature, 
rather  than  in  controlled  experiments,  are  called  descriptive  sciences. 
Astronomy  and  geology  are  largely  descriptive  sciences.  Sciences  in 
which  the  experimental  method  is  the  one  chiefly  employed  are  called 
experimental  sciences.  Examples  of  such  sciences  are  physics  and  chem¬ 
istry.  Some  sciences,  and  biology  is  one  of  these,  employ  both  methods  and 
are  therefore  in  part  descriptive  sciences  and  in  part  experimental  sciences. 

An  hypothesis,  to  be  accepted  as  a  part  of  scientific  knowledge,  must 
not  only  offer  a  satisfactory  explanation  of  the  relevant  observations  but 
it  must  also  be  consistent  with  the  principles  which  have  already  been 
laid  down  for  the  science.  As  generally  used,  there  is  not  much  difference 
between  the  terms  hypothesis  and  theory,  although  there  is  a  tendency 
to  apply  the  term  theory  to  an  hypothesis  which  has  been  verified  and 
related  to  other  hypotheses  in  the  field.  Theories  which  have  been  long 
established  and  form  the  foundations  of  a  science  become  laws  or  princi¬ 
ples.  The  term  law  as  used  in  science  is  generally  applied  to  a  somewhat 
restricted  and  precise  generalization  from  a  group  of  facts  or  observations. 
The  term  principle  is  usually  applied  to  a  wider  and  more  inclusive 
concept  or  generalization.  Thus  the  statement  that  “bodies  attract  each 
other  inversely  as  the  square  of  their  distances  and  directly  as  their  masses” 
is  commonly  referred  to  as  the  “law  of  gravitation,”  while  the  conception 
“  that  the  present  diversity  of  plant  and  animal  life  on  this  planet  is  due 
to  a  common  descent  from  primitive  ancestors  with  modifications  in 
succeeding  generations”  is  usually  referred  to  as  the  principle  of  evolu¬ 
tion.  It  should  be  emphasized  that  no  law  or  principle  of  science  can 
ever  be  regarded  as  absolutely  proved;  all  are  subject  to  modification 
with  the  accumulation  of  more  data  and  the  increase  of  knowledge. 
Science,  like  the  material  world  of  which  it  attempts  to  give  us  a  picture, 
is  itself  in  evolution. 
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A  clear  distinction  should  be  made  between  the  term  “law  of  nature, 
as  sometimes  used  in  science,  and  the  term  “law  of  the  land”  or  ‘civil 
law.”  A  law  of  nature  is  simply  a  generalization  based  on  all  the  known 
facts.  A  civil  law  is  a  regulation  decreed  by  some  social  body  and  one 
which  is  to  be  obeyed  by  the  individuals  of  a  society.  A  law  of  nature 
cannot  be  broken.  The  occurrence  of  an  exception  to  the  law  merely 
shows  that  the  law  is  not  so  universal  as  was  assumed.  For  example: 
That  gunpowder  explodes  upon  concussion  is  a  natural  law ;  that  a  per¬ 
son  may  not  explode  gunpowder  on  the  street  is  a  civil  law. 

As  in  the  case  of  the  word  “law,”  the  use  of  the  word  “principle”  in 
science  should  be  distinguished  from  its  use  with  reference  to  human 
conduct  where  a  “guiding  principle”  or  an  “ethical  principle”  is,  like 
a  civil  law,  a  rule  which  should  be  followed  rather  than  a  generalization 
from  observations. 

A  OBSERVATION 

An  important  factor  in  the  precision  of  the  scientific  method  consists 
in  making  a  clear  distinction  between  what  is  actually  observed  and  the 
conclusions  which  may  be  drawn  from  the  observations.  The  test  of  the 
accuracy  of  an  observation  is  made  when  a  number  of  independent  ob¬ 
servers  agree  regarding  it,  even  when  the  conclusion  or  conclusions 
which  they  draw  from  the  observation  may  be  quite  different.  Some 
examples  will  make  this  clear.  The  ancient  astronomers  made  many 
accurate  observations  of  the  movements  of  the  stars  and  planets  and  the 
time  of  occurrence  of  celestial  phenomena.  In  this  way  they  accumulated 
data  which  are  still  used  today  in  determining  the  time  of  eclipses  and 
other  astronomical  events.  Although  the  observations  were  made  in  the 
belief  that  the  earth  was  the  center  of  the  universe  and  that  all  other 
celestial  bodies  revolved  about  it,  this  did  not  interfere  with  their  ac¬ 
curacy.  Or,  to  take  an  example  from  chemistry :  The  combining  weights 
of  many  of  the  chemical  elements  were  worked  out  with  considerable 
accuracy  by  the  early  chemists.  Not  until  long  afterward  were  these  data 
correctly  interpreted  and  used  to  support  the  atomic  theory  of  matter  and 
the  periodic  table  of  the  chemical  elements.  Coming  to  biology,  in  the 
first  half  of  the  sixteenth  century,  the  great  anatomist,  Vesalius,  made 
some  of  the  most  accurate  dissections  and  drawings  of  the  arteries  and 
veins  of  the  human  body  which  have  ever  been  made  —  known  to  be 
accurate  because  they  have  been  repeated  and  verified  by  anatomists 
for  four  centuries.  Yet  he  had  no  clear  idea  of  the  course  of  the  circula¬ 
tion,  which  was  not  discovered  until  nearly  a  century  later  when  these 
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observations,  along  with  others  of  an  experimental  nature,  enabled 
Harvey  to  demonstrate  the  circulation  of  the  blood. 

All  observations  are  not  of  equal  value  nor  are  all  observers  equally 
accurate.  Observation,  like  all  other  activities,  requires  training.  One 
of  the  most  difficult  parts  of  that  training  is  to  learn  to  be  without  prej¬ 
udice,  to  observe  without  allowing  any  preconceived  ideas  to  modify  or 
influence  the  observation.  It  is,  of  course,  impossible  and  undesirable  for 
the  observer  to  be  without  any  knowledge  of  the  significance  and  pos¬ 
sible  conclusions  to  be  drawn  from  his  observations,  but  it  is  an  essential 
part  of  the  scientific  attitude  of  mind  that  the  observer  shall  continually 
be  on  his  guard  against  allowing  these  to  influence  his  observations.  They 
may  show  him  what  to  look  for  but  they  must  not  affect  what  he  sees. 
Let  us  take  an  example.  Almost  everyone  has  watched  a  robin  walking 
over  a  lawn  in  search  of  worms.  In  doing  this  the  bird  usually  turns  its 
head  to  the  right  or  left  and  takes  a  position  strongly  suggesting  that  it 
is  listening  for  sounds  from  the  ground.  This  assumption  is,  however, 
quite  unwarranted.  It  is  not  difficult  to  demonstrate  that  the  robin  is 
looking  for  worms.  Its  eyes  are  on  the  sides  of  its  head  and  it  sees  more 
clearly  to  the  side  than  directly  in  front. 

B.  AN  HYPOTHESIS 

An  hypothesis  may  be  made  early  in  the  course  of  an  investigation, 
indeed  it  may  be  made  at  the  very  beginning,  as  was  probably  the  case 
in  the  earliest  attempts  to  explain  the  presence  of  the  sun,  moon,  planets, 
and  stars ;  or  it  may  not  be  formulated  until  after  the  accumulation  of  a 
large  amount  of  data,  as  was  the  case  in  the  development  of  the  modern 
theories  of  the  solar  system  and  of  the  evolution  of  organisms.  An  hy¬ 
pothesis  must  be  precisely  stated  and  it  must  be  susceptible  of  verifi¬ 
cation  or  disproof  from  data  which  have  already  been  obtained  or  can 
be  obtained.  The  situation  may  call  for  alternative  hypotheses,  one  of 
which  may  be  false  while  the  other  may  be  true.  Although  precisely 
stated  and  submitted  to  the  most  rigorous  tests,  an  hypothesis  is  always 
regarded  as  a  provisional  working  statement,  subject  to  modification  as 
the  investigation  proceeds  and  additional  observations  are  made. 

C  VERIFICATION  OF  AN  HYPOTHESIS 

An  hypothesis  is  of  no  scientific  value  if  it  cannot  be  verified  by  obser¬ 
vation.  Thus  the  famous  medieval  thesis  that  an  angel  can  stand  on  the 
point  of  a  needle  is  entirely  outside  the  realm  of  science,  since  by  defini- 
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tion  angels  are  not  available  for  observation  by  mortals.  Much  of  the 
beginner’s  practical  work  in  science  consists  of  the  verification  of  already 
well-established  hypotheses.  This  is  not  because  new  hypotheses  and 
discoveries  are  not  yet  to  be  made  in  the  fields  studied,  but  rather  be¬ 
cause  if  the  student  is  to  benefit  from  what  is  already  known  in  the  science 
and  to  learn  the  methods  which  have  been  successful  in  the  past,  he  can 
do  this  best  in  most  cases  by  following  the  pathways  which  his  predeces¬ 
sors  have  found  with  much  effort  and  long  labor.  On  the  other  hand,  the 
student  who  regards  practical  work  as  merely  seeing  what  he  has  been 
told  to  see  will  fail  to  get  a  clear  understanding  of  the  scientific  method. 
Only  by  actually  attempting  to  verify  an  hypothesis  can  a  proper  appre¬ 
ciation  of  the  evidence  for  or  against  it,  and  the  limitations  to  which  it 
is  subject,  be  obtained.  Many  significant  discoveries  in  science  have 
resulted  from  attempts  to  extend  the  appplication  of  hypotheses  beyond 
the  limits  of  the  phenomena  for  which  they  were  first  intended.  One  of 
the  most  important  characteristics  of  the  scientific  attitude  of  mind  is  an 
insistent  demand  on  the  part  of  the  scientist  for  verification  of  his  own 
hypotheses  and  the  hypotheses  of  others. 


D.  THE  EXPERIMENTAL  METHOD 


An  experiment  is  usually  devised  to  answer  a  question,  and  the  suc¬ 
cess  or  failure  of  the  experiment  depends  to  a  large  extent  on  how  clearly 
the  question  is  stated  and  how  carefully  the  experiment  is  planned  to 
answer  it.  The  question  may  be  in  the  form  of  an  hypothesis,  the  truth 
or  falsehood  of  which  is  to  be  tested,  or  it  may  take  the  form  of  a  request 
for  quantitative  or  qualitative  data.  The  fact  that  certain  of  the  experi¬ 
mental  conditions  are  determined  by  the  experimenter,  and  in  this  way 
certain  possibilities  are  ruled  out,  limits  the  number  of  possible  answers 
to  the  question.  The  number  of  observations  which  must  be  made  in 
order  to  reach  a  reliable  conclusion  is  also  reduced  because,  being  made 
under  similar  conditions,  they  can  be  more  accurately  compared.  The 
experimental  method  is  well  illustrated  in  a  famous  experiment  on  the 
generation  of  flies  described  in  detail  in  a  later  section.  The  question 
asked  was,  “Do  flies  arise  spontaneously  or  only  from  other  flies?”  Fresh 
meat  was  placed  in  each  of  two  jars.^  One  of  the  jars  was  left  open  while 
the  other  was  covered  with  gauze.  Both  of  the  jars  were  placed  in  a  room 
where  flies  were  abundant.  In  the  meat  in  the  uncovered  jar  abundant 


^  Actually  a  third  jar  was  used,  but  it  is  not  necessary  to  consider  it  in  the  present  exposition. 
For  a  more  detailed  discussion  of  spontaneous  generation  and  a  description  of  this  and  other 
experiments  see  Chapter  2. 
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maggots,  and  eventually  flies,  developed.  This  jar  and  the  meat  it  con¬ 
tained  may  be  called  the  control.  It  serves  to  show  that  in  the  meat  used 
and  under  the  conditions  of  the  experiment  flies  could  develop.  In  the  jar 
covered  with  gauze  no  maggots  or  flies  developed.  This  shows,  of  course, 
that  it  was  necessary  for  flies  to  get  at  the  meat  in  order  to  have  maggots 
develop  in  it.  An  experiment  such  as  this  ought  to  be  repeated  a  number 
of  times,  but  it  is  easily  seen  that  a  comparatively  small  number  of  ob¬ 
servations  in  a  carefully  performed  experiment  would  give  a  high  degree 
of  probability  to  the  conclusion.  The  same  result  might  have  been  ob¬ 
tained  with  the  descriptive  method  by  carefully  observing  how  the  mag¬ 
gots  of  flies  develop,  when  it  would  have  been  found  that  they  always 
come  from  eggs  laid  by  flies ;  but  to  obtain  an  equal  degree  of  certainty 
by  this  method  would  have  probably  required  a  large  number  of  pains¬ 
taking  observations. 

There  is  a  tendency  to  regard  the  experimental  method  as  more  posi¬ 
tive  and  certain  in  its  results  than  the  descriptive  method.  This,  however, 
is  not  always  the  case.  The  law  of  gravitation,  already  referred  to,  is  re¬ 
garded  as  one  of  the  fundamental  laws  of  nature,  yet  it  has  only  rarely 
and  in  special  cases  been  submitted  to  direct  experimental  proof.  Proof 
of  the  law  for  bodies  on  the  earth’s  surface  can  be  obtained  by  deduction 
from  experiments  on  the  rate  at  which  bodies  fall  toward  the  earth.  How¬ 
ever,  the  general  form  of  the  law  as  applied  to  the  planets  and  the  other 
bodies  of  the  solar  system  has  depended  for  proof  mainly  on  deduction 
and  observation,  since  it  is  impossible  to  experiment  with  celestial  bodies. 
Another  example  is  that  of  the  principle  of  organic  evolution  which  is  one 
of  the  fundamental  principles  of  biology.  This  principle  was  developed 
as  the  result  of  many  observations  accumulated  through  the  ages  and 
especially  in  the  last  hundred  years.  It  is  clear  that  in  so  far  as  the 
principle  states  facts  regarding  the  past  history  of  life  on  earth,  it  is  not 
susceptible  of  experimental  proof,  since  it  is  not  possible  to  experiment 
with  the  past.  It  may,  however,  be  possible  to  obtain  experimental  proof 
that  organic  evolution  is  now  in  progress. 


E.  THE  SYSTEMATIZATION  OF  SCIENTIFIC  KNOWLEDGE 

An  essential  part  of  the  scientific  method  is  the  systematization,  classi¬ 
fication,  and  correlation  of  the  information  obtained.  An  observation  or 
an  hypothesis  cannot  be  regarded  as  a  contribution  to  science  until  it  has 
been  correlated  to  existing  knowledge.  The  classilication  of  scientific 
knowledge  finds  expression  in  the  division  of  science  into  various  branches 
and  subbranches.  But  within  each  science  there  is  a  detailed  classilica- 
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tion  of  the  findings  of  that  science.  Only  by  such  an  ordered  arrange¬ 
ment  can  new  facts  or  new  hypotheses  be  related  to  knowledge  already 
obtained. 

2.  THE  SCOPE  OF  SCIENCE  AND  THE  CLASSIFICATION  OF 
THE  SCIENCES 

The  nature  of  the  scientific  method  excludes  from  the  realm  of  science 
certain  intellectual  and  emotional  fields.  Among  the  fields  which  arc 
conspicuously  excluded  is  that  of  the  fine  arts,  especially  music  and  paint¬ 
ing.  Although  scientific  discoveries  have  in  some  cases  aided  the  tech¬ 
nique  of  these  arts,  science  has  not  contributed  significantly  to  their  main 
objectives.  Nor  has  the  scientific  method  yet  been  successfully  applied 
to  most  of  the  problems  in  the  field  of  the  social  studies. 

The  general  field  of  science  may  be  divided  into  special  fields.  How¬ 
ever,  no  sharp  lines  can  be  drawn  between  the  different  sciences,  and  it 
is  one  of  the  great  advantages  of  the  scientific  method  that  knowledge 
gained  in  one  field  can  be  directly  transferred  to  another  field.  Thus  facts 
learned  in  chemistry  can  be  applied  to  the  biological  problems  which 
arise  in  the  study  of  respiration,  digestion,  or  excretion;  and  facts  learned 
in  biology  can  be  applied  to  the  solution  of  chemical  problems,  where, 
for  example,  the  discovery  of  oxygen  came  partly  as  the  result  of  studies 
on  respiration. 

The  word  “science”  comes  from  the  Latin  word,  scientia,  which  means 
“knowledge,”  but  the  derived  English  word  has  come  to  be  restricted  to 
include  only  knowledge  acquired  by  the  scientific  method.  All  of  those 
sciences  which  deal  with  the  phenomena  of  nature  are  grouped  together 
as  the  natural  sciences  and  contrasted  with  such  abstract  sciences  as 
mathematics,  which  deals  with  the  logic  of  measurement.  The  natural 
sciences  may  be  divided  into  those  which  deal  with  nonliving  phenom¬ 
ena,  referred  to  as  the  inorganic  sciences,  and  those  which  deal  with 
living  phenomena,  referred  to  as  the  organic  or  biological  sciences.  The 
chief  inorganic  sciences  are  astronomy,  geology,  chemistry,  and  physics. 
Each  of  these  has  many  subdivisions;  and  borderline  sciences  have 
developed  in  which  one  or  more  of  them  may  be  combined,  as  in  physical 
chemistry. 

The  biological  sciences  include  many  different  sciences  dealing  with 
particular  fields.  From  the  point  of  view  of  the  kinds  of  organisms  studied, 
the  main  division  is  into  botany  (Gr.  botane^  an  herb),  which  deals  with 
plants,  and  zoology  (Gr.  zoon^  an  animal  +  logos y  a  discourse),  which 
deals  with  animals.  The  science  of  botany  may  itself  be  divided  into 
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cryptogamic  botany  (Gr.  kruotos^  hidden  +  gamos,  marriage),  which 
deals  with  the  nonflowering  plants,  and  phanerogamic  botany  (Gr. 
phainein,  to  show  +  gamos,  marriage),  which  is  the  science  of  the  flower¬ 
ing  plants.  Bacteriology  (Gr.  bacterion,  a  little  rod),  which  deals  with 
bacteria,  is  really  a  branch  of  cryptogamic  botany.  Similarly  zoology  is 
divided  into  subsciences  depending  on  the  groups  of  animals  studied. 
Thus  there  is  protozoology  (Gr.  protos,  first),  which  is  concerned  with 
the  unicellular  animals;  entomology  (Gr.  entomon^  an  insect),  the  study 
of  insects;  ichthyology  (Gr.  ichthus^  a  fish),  which  treats  of  fishes; 
ornithology  (Gr.  ornis^  ornithos^  a  bird),  the  study  of  birds;  mammalogy 
(L.  mamma,  a  breast),  the  study  of  mammals;  and  anthropology  (Gr. 
anthropos,  man),  which  deals  with  man. 

From  a  different  point  of  view,  biology  may  be  divided  into  another 
series  of  subsciences.  Thus  morphology  is  the  study  of  the  form  and  struc¬ 
ture  of  organisms ;  physiology  is  the  study  of  the  function  of  organs  and 
parts  of  organisms;  taxonomy  is  the  study  of  the  classification  of  plants 
and  animals;  and  paleontology  is  the  study  of  fossils.  The  study  of  or¬ 
ganic  evolution,  which  deals  with  the  succession  of  plant  and  animal 
types  and  how  one  descended  from  another,  is  also  a  branch  of  biology. 
Genetics,  or  the  study  of  heredity,  is  another  branch.  Ecology  is  the 
study  of  organisms  in  relation  to  their  inanimate  surroundings  and  to  the 
other  organisms  which  influence  their  lives.  Again,  any  one  of  these  sci¬ 
ences  may  be  divided  into  subsciences.  Thus  the  science  of  morphology  is 
divided  into  anatomy,  which  is  the  study  of  the  gross  structure  of  organ¬ 
isms  ;  histology,  which  is  the  study  of  tissues ;  and  cytology,  which  is  the 
study  of  cells.  There  is  also  a  science  of  comparative  morphology  —  with 
branches  of  comparative  anatomy,  comparative  histology,  and  compara¬ 
tive  cytology  —  which  is  concerned  with  the  comparison  of  the  structures 
of  different  plants  and  animals.  The  principles  and  results  of  physics  and 
chemistry  are  frequently  applied  in  biology,  and  this  has  led  to  the 
development  of  the  sciences  of  biophysics  and  biochemistry. 

3.  SOME  FEATURES  OF  THE  SCIENTIFIC  METHOD 
A.  THE  OBJECTIVE  ATTITUDE  IN  SCIENCE 

Science  is  objective,  that  is,  it  tries  to  represent  the  material  world 
in  a  detached  and  impartial  way,  free  from  prejudice,  emotion,  or 
authority,  other  than  that  which  must  attach  to  skill  in  the  use  of  its 
method.  Science  does  not  deny  the  value  of  emotion  in  stimulating 
thought  and  action,  but  it  simply  docs  not  and  cannot  employ  it  in  its 
method  of  searching  for  truth.  Nor  docs  science  deny  the  concept  of 
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purpose  in  the  universe.  Here  again  it  simply  does  not  admit  the  postu¬ 
lation  of  a  particular  purpose  as  an  explanation  of  a  natural  phenomenon. 
Its  aim  is  to  record  the  facts  as  they  are  presented  to  the  senses,  and  by 
means  of  generalizations  and  deductions  to  weld  them  into  a  rational 
system.  How  this  system  can  or  should  fit  into  the  whole  field  or  knowl¬ 
edge  and  man’s  relation  to  knowledge  has  generally  been  regarded  as 
outside  the  field  of  science. 

B.  THE  ANALYTICAL  POINT  OF  VIEW 

An  important  feature  of  the  scientific  method  not  yet  emphasized  is 
its  employment  of  analysis.  In  attacking  a  scientific  problem  it  is  quite 
usual  to  try  to  break  it  up  into  simpler  problems  which  have  the  prospect 
of  simpler  or  easier  solutions,  or  some  of  which  may  have  already  been 
solved.  Thus  the  general  problem  of  how  a  plant  gets  its  food  materials 
becomes  divided  into  a  number  of  subordinate  problems,  such  as  what  raw 
materials  are  used,  where  the  energy  comes  from,  what  the  first  steps  arc 
in  the  chemical  changes  involved,  etc.  By  thus  dividing  the  main  problem 
attention  can  be  focused  on  the  subordinate  problems,  either  one  at  a 
time  or  in  groups.  Analysis  thus  leads  to  a  clearer  and  more  concrete 
statement  of  the  problem. 

C  PREDICTION  AND  DISCOVERY  IN  SCIENCE 

Probably  no  feature  of  the  scientific  method  appeals  more  strongly 
to  the  popular  mind  than  the  way  in  which  it  has  made  possible  the 
accurate  prediction  of  the  course  of  natural  phenomena  and  the  discov¬ 
ery  of  new  materials  and  processes.  A  famous  case  was  the  prediction 
and  subsequent  discovery  of  the  planet,  Neptune.  By  using  the  law  of 
gravitation,  the  exact  shape  and  size  of  the  orbits  of  the  planets  in  their 
movement  about  the  sun  can  be  calculated.  However,  certain  irregulari¬ 
ties  in  the  orbit  of  one  of  the  planets,  Uranus,  could  not  be  accounted  for 
by  the  attraction  of  the  other  planets.  To  explain  these  irregularities 
a  new  planet  was  assumed,  and  the  position  which  it  would  have  to 
occupy  in  order  to  cause  the  irregularities  was  calculated.  A  new  planet, 
Neptune,  was  discovered  almost  immediately  in  the  exact  position  pre¬ 
dicted.  Another  striking  case  was  that  of  the  prediction  of  the  existence 
and  characteristics  of  the  chemical  element.  Germanium,  by  the  Russian 
chemist  Mendelejeff  in  1871,  and  its  subsequent  discovery  by  the  German 
chemist,  Winkler,  in  1886.  Predictions  have  also  been  made  in  biology. 
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but  because  of  the  large  number  of  variable  factors  in  living  processes 
and  the  development  and  evolution  of  animals  and  plants,  they  have 
usually  not  been  of  so  definite  a  nature  as  in  the  physical  sciences. 

D.  THE  MECHANISTIC  AND  VITALISTIC  CONCEPTIONS 

Two  opposing  views  or  conceptions  are  held  regarding  the  ultimate 
explanation  of  biological  phenomena.  One,  the  vi  tails  tic  conception,  to 
which  the  term  vitalism  has  been  applied,  conceives  that  in  living  proc¬ 
esses  there  is  present  a  vital  force  or  directing  principle  which  is  funda¬ 
mentally  different  from  the  forces  which  act  to  bring  about  changes  in 
inorganic  matter.  This  vital  force  has  been  defined  in  various  ways  and 
to  it  different  terms  have  been  applied.  The  other,  the  mechanistic  con¬ 
ception,  finds  or  expects  to  find  a  complete  explanation  of  living  processes 
in  terms  of  the  conceptions  of  physics  and  chemistry.  This  does  not  mean 
that  organisms  are  machines  in  the  restricted  sense  in  which  that  term 
is  commonly  used.  They  do  not  consist  of  pistons,  cylinders,  and  wheels. 
Rather  does  it  mean  that  an  organism  is  an  arrangement  of  parts  which 
interact  to  produce  certain  end  results,  and  that  the  interactions  all  prO' 
ceed  according  to  physical  rather  than  extra-physical  laws. 

During  the  earlier  stages  in  the  development  of  the  science  the  vitalistic 
conception  dominated  biological  thought,  as  will  be  made  evident  in  the 
following  section  discussing  the  history  of  biological  problems.  However, 
as  the  science  has  developed,  one  after  another  of  the  vital  processes  has 
been  found  to  be  capable  of  an  explanation  on  the  basis  of  the  known 
laws  of  physics  and  chemistry,  and  the  vitalistic  conception  has  been 
pushed  more  and  more  into  the  background.  It  must  be  admitted,  never¬ 
theless,  that  there  arc  many  phases  of  living  things  that  cannot  at  present 
be  explained  on  a  mechanistic  basis. 

4.  EXAMPLES  OF  THE  APPLICATION  OF  THE  SCIENTIFIC  METHOD 
TO  BIOLOGICAL  PROBLEMS 

It  is  dilTicult  for  the  student  or  investigator  today,  provided  with  the 
modern  microscope  and  (lescrij)tive  textbooks,  to  realize  the  long  and 
tortuous  patli  along  whic  h  his  j)rede('essors  had  to  travel.  Facts  and  ob- 
.sc'rvations  whicli  eludc'd  or  balllc'cl  the  greatest  minds  of  the  past  now 
S(‘(‘m  simj)le  and  clear.  'Llu'  very  c'ase  and  ra|)idity  with  which  we  can 
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of  their  proper  place  in  the  realm  of  human  thought  and  endeavor.  New 
discoveries  in  biology,  as  in  the  other  sciences,  come  rapidly  and,  thanks 
to  our  accumulated  knowledge  and  technique,  relatively  easily  today. 
But  the  fundamental  discoveries  on  which  these  are  based  came  slowly 
and  were  accepted  only  after  much  misunderstanding  and  controversy. 

The  history  of  science  may  be  arbitrarily  divided  into  epochs.  Science 
may  then  be  considered  first  in  antiquity,  in  Egypt,  Ancient  Greece,  and 
Rome,  second  in  the  Dark  Ages  extending  from  the  second  to  the  eleventh 
century  a.d.,  third  in  the  Renaissance  extending  to  the  sixteenth  century, 
and  fourth  in  modern  times.  We  may  best  appreciate  the  state  of  science 
in  these  epochs  by  following  the  solutions  of  some  of  the  fundamental 
problems  of  biology  as  they  were  gradually  worked  out  through  the  ages 
by  great  thinkers  and  scholars. 

A,  THE  FOUNDING  OF  MORPHOLOGY 

From  the  earliest  times  man  has  been  interested  in  the  structure  of  his 
own  body  and  of  those  of  the  higher  animals  which  he  has  hunted  or 
domesticated.  Among  the  many  drawings  and  sculptures  left  by  the  men 
of  the  Early  Stone  Age  (about  25,000  b.c.)  many  show  with  considerable 
accuracy  the  muscles  of  the  legs  and  heads  of  such  animals  as  the  horse, 
bison,  and  mammoth.  One  shows  the  location  of  the  heart  in  an  elephant. 
The  records  of  the  ancient  Egyptians,  Babylonians,  and  Assyrians  show 
that  they  had  considerable  practical  knowledge  of  anatomy  and  per¬ 
formed  somewhat  complicated  surgical  operations.  In  the  library  of  the 
New  York  Historical  Society  is  an  early  Egyptian  papyrus,  dated  about 
2700  B.c.  and  attributed  to  Imhoteb,  the  great  surgeon  and  architect  of 
the  Pharaohs.  The  heart  is  there  described  as  a  central  organ  from  which 
vessels  are  distributed  to  the  different  parts  of  the  body.  In  the  Palace  of 
Ashurbanipal,  who  ruled  Assyria  from  668  to  626  b.c.,  is  a  bas-relief 
of  a  dying  lioness  in  which  the  superficial  muscles  are  represented  with 
striking  realism.  An  arrow  has  pierced  the  spinal  cord  and  paralyzed  the 
hind  limbs. 

It  is  doubtful,  however,  if  a  science  of  anatomy  existed  before  the 
Greeks  and  we  turn  to  Aristotle  (384-322  b.c.),  who  was  the  son  of  a 
physician,  for  the  beginnings  of  the  science  of  anatomy,  or  rather  com¬ 
parative  anatomy,  for  it  seems  almost  certain  that  he  never  dissected  the 
human  body.  In  his  Historia  animalium  and  Partibus  animalia  good  descrip¬ 
tions  of  many  of  the  organs  of  the  higher  animals,  sometimes  accom¬ 
panied  by  drawings,  are  given  and  some  of  the  terms  which  he  used  are 
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still  retained  in  a  modified  form  today.  Although  remarkable  for  accuracy 
and  the  insight  of  the  author,  Aristotle’s  work  contains  many  notable 
errors.  For  example,  he  attached  little  importance  to  the  brain,  making 
the  heart  the  seat  of  intelligence,  an  idea  which  persists  to  this  day  in  our 
metaphorical  use  of  the  word.  Some  years  after  Aristotle’s  time  (about 
300  B.c.)  there  lived  in  Alexandria,  the  great  center  of  Greek  learning  in 
Egypt,  Herophilus  of  Chalcedon,  who  has  been  called  “the  father  of 
anatomy.”  He  is  said  to  have  been  the  first  to  dissect  both  human  and 
animal  bodies  in  public,  i.e.,  before  an  audience.  Among  his  works  was 
a  book  on  anatomy,  which  has  come  down  to  us  only  through  the  works 
of  others.  He  studied  the  brain,  recognizing  it  as  the  seat  of  nervous  activ¬ 
ity,  and  distinguishing  nerves  into  sensory  and  motor. 

Not  until  nearly  five  hundred  years  later  do  we  find  a  really  great  figure 
in  anatomy.  He  also  was  a  Greek.  Galen  (a.d.  131-200)  was  born  in  Asia 
Minor  and  went  to  Alexandria  for  his  medical  education,  but  did  most 
of  his  work  in  Rome  under  the  great  emperor  Marcus  Aurelius.  Galen 
was  an  original  investigator  and  “one  of  the  great  anatomists  and  physiol¬ 
ogists  of  all  times.”  “In  cases  of  controversy  as  to  structure  or  function, 
his  method  was  always  to  appeal  to  dissection  and  experiments.”  During 
the  interval  between  Herophilus  (about  300  b.c.)  and  Galen  (second 
century  a.d.)  dissection  of  the  human  body  was  prohibited  by  law  as  it  is 
today  in  certain  parts  of  the  world.  Galen  dissected  the  human  body, 
but  much  of  his  work  was  done  on  animals  such  as  the  Barbary  ape  and 
the  ox.  He  dissected  and  described  in  detail  the  brain,  spinal  cord,  and 
nerves  of  the  ox,  showing  how  the  nerves  arise  from  the  brain  and  the 
spinal  cord  and  connect  with  the  muscles.  The  best  known  of  Galen’s 
many  books  which  were  written  in  Greek  is  his  Administrationes  anatomical 
or  Anatomical  Procedure^  really  a  book  on  dissection,  which  originally  con¬ 
tained  sixteen  volumes,  only  nine  of  which  have  survived  in  Greek,  the 
remaining  seven  coming  to  us  through  an  Arabic  version.  The  works  of 
Galen  remained  the  authority  in  anatomy  and  physiology  for  more  than 
a  thousand  years,  until  the  Renaissance. 

The  spirit  of  the  Dark  Ages  from  the  third  to  the  eleventh  century  a.d. 
was  hostile  to  science,  much  of  the  knowledge  left  by  the  ancients  was 
lost,  and  what  remained  was  accepted  blindly  without  any  real  appeal 
to  nature.  Then  in  the  Middle  Ages  came  the  founding  of  universities. 
In  the  beginning  “the  chair”  of  a  professor  was  very  much  of  a  physical 
reality,  a  great  elevated  structure  provided  with  steps  and  a  reading 
desk,  something  like  a  pulpit.  From  there  he  lectured  while  a  junior 
colleague  pointed  out  the  line  of  incision  and  a  demonstrator  performed 
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the  actual  dissection.  All  was  thus  done  third  hand  and  according  to  the 
written  word.  The  students  in  cap  and  gown  stood  in  attendance  but  did 
no  dissection  (Fig.  1:1). 

The  real  founder  of  modern  anatomy  was  Andreas  Vesalius  (1514- 
1564),  who  was  born  in  Brussels.  “As  a  boy  he  was  constantly  dissecting 
the  bodies  of  animals.  Such  tastes  are  common  enough  with  boys  nowa- 


Fig.  1:1  The  teaching  of  anatomy  in  llic 
Middle  Ages.  The  only  illustration  in  a  treatise 
on  anatomy  by  Mundinus,  also  called  Mondino, 
published  in  Leipzig  in  1493.  The  demonstrator 
in  the  foreground  is  probably  Alessandra  Giliani, 
a  young  woman  of  unusual  skill  in  dissection  and 
a  passion  for  anatomy,  who  was  one  of  Mon- 
dino’s  assistants.  From  W.  A.  Locy,  T/ie  Growth  of 
Biology y  by  permission  of  the  publishers,  Henry 
Holt  and  Company,  Inc. 

days.  Nature  study  is  taught  in  our  schools,  and  it  is  easy  to  get  help  and 
hints  from  books.  In  the  days  of  Vesalius  the  study  of  nature  was  little 
regarded,  and  no  such  books  had  been  written.  Vesalius  had  to  find  his 
own  way.”  ^  “At  the  age  of  sixteen  he  went  to  Paris  to  study  medicine.”  ^ 
“His  impetuous  nature  was  shown  in  the  amphitheatre  where  at  the 
third  lecture,  he  pushed  aside  the  clumsy  surgeon  barbers  and  himself 
exposed  the  parts  in  the  proper  manner.  He  could  not  be  satisfied  with 
the  printed  page;  he  must  see  with  his  own  eyes,  grasp  through  his  own 
senses  the  facts  of  anatomical  structure.”  ^  Vesalius  went  later  to  Padua 
in  Italy  where  immediately  after  receiving  his  degree  of  Doctor  of  Medi¬ 
cine  he  was  placed  in  charge  of  the  teaching  of  Anatomy  in  the  Univer¬ 
sity.  When  only  twenty-nine  years  of  age  he  published  in  the  year  1543 
his  great  book  on  the  structure  of  the  human  body  entitled  De  humani 

^  Singer,  Charles,  Evolution  of  Anatomy^  London,  1925. 

2  Locy,  W.  A.,  The  Story  of  Biology^  New  York,  Garden  City  Publishing  Company,  1934. 

2  Singer,  Charles,  ibid. 
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corporis  Jabrica  {On  the  Structure  of  the  Human  Body)^  illustrated  by  beautifully 
engraved  plates. 

With  the  work  of  Vesalius  the  general  facts  regarding  the  gross  struc¬ 
ture  of  the  human  body  may  be  considered  established.  The  founding  of 
the  science  of  comparative  anatomy  came  later  and  was  not  achieved 
until  the  latter  half  of  the  eighteenth  century  and  the  beginning  of  the 
nineteenth.  Most  prominent  among  the  biologists  of  this  latter  period 
was  the  Frenchman,  Georges  Cuvier  (1769-1832).  He  dissected  and 
compared  many  animals.  Leqons  d^anatomie  compark  and  Le  Regne  animal 
distribue  d^apres  son  organisation  are  his  best  known  works.  Cuvier  also 
studied  fossils  and  is  regarded  as  the  founder  of  the  science  of  the  paleon¬ 
tology  of  the  back-boned  animals  (vertebrates).  He  was  a  man  of  wide 
knowledge  and  great  attainments.  Under  Napoleon  Bonaparte  he  be¬ 
came  director  of  higher  education  for  the  Empire. 

The  investigation  of  the  detailed  structure  of  animals  and  plants, 
especially  the  smaller  forms,  had  to  await  the  application  and  perfection 
of  the  microscope  in  later  centuries  and  will  be  referred  to  in  another 
section. 

B.  THE  FOUNDING  OF  PHYSIOLOGY 

Knowledge  of  the  structure  of  the  body  preceded  a  clear  understanding 
of  the  functions  of  its  organs.  The  Alexandrian  school  to  which  Heroph- 
ilus,  already  referred  to,  belonged,  expounded  the  idea  of  a  pneuma 
or  spirit  of  life.  The  pneuma  was  bcli('vcd  to  enter  the  body  by  way  of  the 
windpipe  and  to  pass  in  the  arteries,  which  according  to  this  theory  were 
devoid  of  blood,  to  the  various  parts  of  the  body.  The  veins  alone  carried 
the  blood  which  nourished  the  body.  The  expression  “animal  spirits” 
which  we  use  today,  in  a  somewhat  dilTerent  sense,  is  no  doubt  a  survival 
of  this  ancient  idea.  Galen  corrected  this  coneeption  to  the  extent  ol 
maintaining  that  the  arteries  carried  blood  to  the  organs,  but  he  regarded 
the  liver  as  the  center  of  the  venous  .system  and  believed  that  there  was 
an  ebb  and  flow  of  the  blood  to  and  from  the  heart  in  both  the  arteries 
and  veins. 

The  work  of  Vesalius  paved  tlu'  way  for  a  more  rational  physiology. 
The  discovery  of  th(*  circulation  of  the  blood  cannot  be  regarded  as  the 
work  of  one  man.  Leonardo  da  Vinci,  that  universal  genius  more  gener¬ 
ally  known  as  an  archit(‘ct  and  painter  than  as  a  .scientist,  came  very  near 
to  it.  Michael  Servetu.s  (1511P-1553)  deseribt'd  the  lesser  circulation, 
i.e.,  the  cour.se  of  tlu'  blood  from  tlu'  right  side  ol  the  heart  to  the  lungs 
and  back  to  the  h'ft  side*  of  the  heart  in  1553.  'Vhc  book  and  its  author 
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were  burned  at  the  stake  by  order  of  the  church.  That  ilic  blood  in  the 
veins  flowed  toward  the  heart  was  discovered  by  Andreas  Cesalpinus 
(1519-1603),  better  known  for  his  botanical  researches.  I'he  valves  in  the 
veins  which  permit  the  blood  to  go  only  toward  the  heart  were  dis¬ 
covered  and  figured  by  Fabricius  (1537-1619). 

The  man  who  provided  the  clearest  proof,  and  to  whom  credit  is 
usually  given  for  the  discovery  of  the  circulation  of  the  blood,  was 
William  Harvey  (1578-1657).  Harvey  begins  his  book,  Exercitatio 
anatomica  de  motu  cordis  et  sanguinis  in  animalibus  (On  the  Motion  of  the  Heart 
and  Blood  in  Animals),  published  in  1628,  with  the  words,  “In  discussing 
the  movements  and  functions  of  the  heart  and  arteries,  we  should  first 
consider  what  others  have  said  on  these  matters,  and  what  the  common 
and  traditional  viewpoint  is.  Then  by  anatomical  study,  repeated  experi¬ 
ments,  and  careful  observation,  we  may  confirm  what  is  correctly  stated, 
but  what  is  false  make  right.”  ^  To  the  previous  knowledge,  derived 
chiefly  from  the  dissection  of  dead  bodies,  Harvey  added  many  observa¬ 
tions  on  the  living  animal.  With  the  aid  of  experiments,  and  reasoning 
from  the  structure  of  the  heart,  he  demonstrated  that  there  is  a  circula¬ 
tion  of  the  blood  and  that  this  is  of  a  double  nature:  one  course,  known  as 
the  lesser  or  pulmonary  circulation,  taking  the  blood  from  the  heart  to 
the  lungs  and  back  to  the  heart  and  the  other  course  known  as  the 
greater  or  systemic  circulation,  taking  the  blood  from  the  heart  to  the 
rest  of  the  body  including  the  muscles,  brain,  digestive  and  other  organs 
of  which  it  is  composed  and  back  to  the  heart  again.  He  showed  also  that 
the  blood  leaves  the  heart  in  the  arteries  and  returns  to  it  in  veins.  But 
he  did  not  show  exactly  how  the  blood  gets  from  the  arteries  to  the  veins. 

The  small  tubes  or  capillaries  in  which  the  blood  passes  from  the 
arteries  to  the  veins  were  discovered  some  years  later  (1660)  by  the 
Italian  anatomist  and  histologist,  Marcello  Malpighi  (1628-1694),  who 
also  observed  the  movement  of  the  blood  through  them.  The  great  Dutch 
microscopist,  Antony  van  Leeuwenhoek  (1632-1723),  who  worked 
with  a  simple  magnifying  glass,  gave  a  clear  visual  demonstration  of  the 
circulation  in  1688  (Fig.  1:2).  Describing  his  observations  on  the  trans¬ 
parent  tail  of  a  tadpole,  he  wrote:  “A  sight  presented  itself  more  delight¬ 
ful  than  any  mine  eyes  had  ever  beheld ;  for  here  I  discovered  more  than 
fifty  circulations  of  the  blood  in  different  places,  while  the  animal  lay 
quiet  in  the  water,  and  I  could  bring  it  before  my  microscope  to  my  wish. 
For  I  saw  not  only  that  in  many  places  the  blood  was  conveyed  through 
exceedingly  minute  vessels,  from  the  middle  of  the  tail  to  the  edges,  but 

^  Exercitatio  anatomica  de  motu  cordis  et  sanguinis  in  animalibus,  by  William  Harvey,  M.D.,  trans¬ 
lated  by  Chauncey  D.  Leake,  Tercentennial  Edition,  1928,  Introduction,  p.  7. 
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that  each  of  the  vessels  had  a  curve  or  turning,  and  carried  the  blood 
back  toward  the  middle  of  the  tail,  in  order  to  be  again  conveyed  to  the 
heart.  Hereby  it  plainly  appeared  to  me  that  the  blood-vessels  which  I 
now  saw  in  the  animal,  and  which  bear 
the  name  of  arteries  and  veins  are,  in 
fact,  one  and  the  same ;  that  is  to  say,  that 
they  are  properly  called  arteries  so  long  as 
they  convey  the  blood  to  the  furtherest 
extremities  of  its  vessels,  and  veins  when 
they  bring  it  back  to  the  heart.”  ^ 

Today  no  one  speaks  of  the  circulation 
of  the  blood  as  a  theory.  It  has  become 
a  demonstrable  fact,  a  fundamental  con¬ 
ception  in  science.  The  proof  of  the  cir¬ 
culation  of  the  blood  had  a  great  effect  on 
the  development  of  the  science  of  physiol¬ 
ogy.  It  offered  a  striking  case  of  the  mechan¬ 
ical  explanation  of  a  vital  phenomenon. 

It  would  take  us  too  far  to  trace  the 
development  of  physiology  since  the  time 
of  Harvey.  Much  of  the  advance  has  been 
due  to  the  application  of  the  discoveries 
of  physics  and  chemistry  to  the  investiga¬ 
tion  and  the  explanation  of  physiological 
phenomena.  In  this  work  many  investiga¬ 
tors  in  England,  France,  Clermany,  Hol¬ 
land,  Spain,  Italy,  Russia,  and  America 
have  taken  part. 

C.  THE  WORK  OF  THE  EARLY  MICROSCOPISTS 

Although  th(‘  us('  of  lenses  to  (‘nlarg('  objects  seems  to  have  been  known 
to  the  ancients  and  the  com|)oim(l  mic'rc^scopc'  was  invented  in  the  six- 
te('nth  century,  micros('op(‘s  simpK*  or  compound  do  not  seem  to  have 
been  (‘xt(‘nsivcly  applied  to  the  study  ol  animals  and  plants  until  the 
middle'  of  the  se'vcntccnth  ce'ntury. 

A  simple  lens  oi'  “magnifying  glass’’  consists  of  a  single  j)iece  ol  glass, 
ground  and  |)olishcd  so  as  to  have'  e)ne'  e)r  l)e)th  surlaces  e'e)nv('x,  or  ol  two 
ejr  me)i'e'  picecs  of  glass  plae'e'el  te)ge'the'r.  I  he'  size  an  e)bje'Ct  a|)pears  to 

'  l-'rom  !.()(  y,  VV.  A.,  /}i<>/»i;y  ,twl  It\  Makrrs,  New  York,  llrnry  Holt  and  Company,  Inc., 
I'Km. 


Fig.  1:2  The  instrument  with 
which  Leeuwenhoek  discovered  the 
circulation  of  the  blood  in  the  tad¬ 
pole’s  tail.  The  simple  lens  is  in 
the  brass  plate  on  the  left.  The 
tadpole  was  placed  head  down  in 
the  test  tube.  Redrawn  after  an 
illustration  in  .A.  van  Leeuwenhoek’s 
selected  works  in  English,  1758,  re¬ 
produced  in  \V.  A.  Locy^TZ/^*  Growth 
of  Biology,  by  permission  of  the 
pul)lishers,  Henry  Holt  and  Corn- 
pan  v,  Inc. 
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have  depends  on  its  distance  from  the  eye  (really  on  the  angle  which 
I  its  outline  subtends  at  the  eye).  Thus  near  objects  are  seen  as  larger  and 
in  more  detail.  The  normal  human  eye  cannot,  however,  see  an  object 
distinctly  if  it  is  nearer  to  it  than  10  inches.  The  purpose  of  the  magnifying 
glass  (and  also,  in  effect,  of  the  compound  microscope  to  be  referred  to 
later)  is  to  produce  the  effect  of  having  the  object  close  to  the  eye,  and 
therefore  subtending  a  greater  angle,  while  still  appearing  distinct 
(Fig.  1:3). 


Fig.  1:3  The  use  of  a  simple  convex  lens  to  magnify  an  object.  The  effect  is  to  make 
the  object  appear  as  if  closer  to  the  eye  and  therefore  larger. 

The  greater  the  convexity  of  the  lens  the  greater  the  magnification 
and  the  shorter  the  focus.  Because  of  their  short  focus,  lenses  giving  a  high 
magnification  are  always  small  in  diameter  and  must  be  held  close  to 
the  eye  and  close  to  the  object  to  be  magnified.  The  magnified  image  is 
always  fainter  than  the  original  object  because  when  an  object  is  magni¬ 
fied  the  light  coming  from  it  is  spread  over  a  larger  area  of  the  retina 
(the  sensory  layer  in  the  eye)  than  would  be  the  case  were  it  not  magni¬ 
fied.  The  use  of  a  lens  of  high  magnifying  power,  therefore,  necessitates 
strong  illumination  of  the  object. 

There  is  some  doubt  regarding  the  inventor  of  the  compound  micro¬ 
scope.  Such  microscopes  were  in  use  during  the  early  part  of  the  sixteenth 
century.  The  compound  microscope  may  be  thought  of  as  consisting  of 
two  simple  lenses  arranged  one  in  front  of  the  other  so  that  the  second 
magnifies  the  image  produced  by  the  first  (Fig.  1 :4).  The  lens  nearest  the 
object  is  known  as  the  objective  and  the  lens  near  to  which  the  eye  is 
placed  is  known  as  the  eye-piece  or  ocular.  In  modern  compound  micro¬ 
scopes  the  objective  usually  consists  of  two  or  three  lenses  set  into  a  small 
tapering  brass  tube.  Single  lenses  of  high  magnification  have  two  defects 
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from  the  point  of  view  of  the  microscopist.  They  tend  to  break  up  white 
light  into  the  component  parts  of  the  spectrum  and  hence  to  produce 
images  which  show  a  confusion  of  colors  (chromatic  aberration)  and  if 
ground  so  that  their  surfaces  are  parts  of  spheres  to  distort  objects  near 
the  edge  of  the  field  of  vision  (spherical  aberration).  These  two  defects 
are  corrected  by  using  a  combination  of  lenses  of  different  kinds  of  glass 
for  the  objectives  and  another  combination  of  lenses  for  the  ocular.  Many 


Fig.  1:4  The  use  of  the  compound  microscope.  At  left,  the  microscope;  at  right,  the 
lens  system.  The  first  image  close  to  the  eye  is  magnified  a  second  time,  making  it  still 
larger. 

acccs.sorics  which  arc  mainly  concerned  with  holding  the  object,  adjust¬ 
ing  its  distance  from  the  objeetive  (locusing)  and  passing  light  onto  or 
through  the  object  (illumination),  arc  added  to  the  microscope  ol  today. 

Among  those  who  early  ap|:)lied  the  microscope  to  biological  investi¬ 
gations,  the  nanu'S  of  three  men  stand  out,  Marcello  Malpighi,  Jan 
Swammerdam  (1637-1680),  a  Dutchman,  and  Antony  van  Leeuwen¬ 
hoek.  Two  of  these  have  already  been  referred  to  as  discoverers  of  the 
blood  capillaries.  Certain  bodies  in  the  kidney  are  named  Malpighian 
corpuscles  in  honor  of  Malpighi.  He  is  usually  regarded  as  the  lounder 
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of  the  science  of  histology.  He  dissected  and  examined  both  plants 
and  animals  and  made  extensive  observations  and  drawings  of  the 
development  of  the  chick  within  the  egg.  Swammerdam  collected  and 
dissected  insects  and  made  beautiful  drawings  of  the  details  of  their  anat¬ 
omy.  Reference  has  already  been  made  to  Leeuwenhoek’s  observations 
on  the  circulation  of  the  blood  in  the  tadpole’s  tail.  He  was  the  first 
to  describe  the  spermatozoa  or  male  germ  cells,  the  protozoa,  and  bac¬ 
teria.  These  men  were  followed  during  the  eighteenth  century  by  a  num¬ 
ber  of  brilliant  and  accurate  investigators  with  the  microscope  who  paid 
particular  attention  to  the  minute  anatomy  of  insects. 

It  is  to  be  noted  that  all  three  of  these  men,  Malpighi,  Swammerdam, 
and  Leeuwenhoek,  probably  did  their  best  work  with  simple  magnifying 
glasses.  We  know  this  to  have  been  the  case  with  Swammerdam  and 
Leeuwenhoek. 

5.  BIOLOGY  IN  THE  SERVICE  OF  MAN 
A.  AGRICULTURE 

Most  farmers  would  hesitate  to  call  themselves  applied  biologists,  yet 
it  does  not  require  much  insight  to  see  that  in  their  work  they  are  con¬ 
cerned  with  the  application  of  biological  facts  and  principles  to  the  rais¬ 
ing  of  crops  and  animals.  Anyone  who  has  come  in  contact  with  farming 
knows  that  there  is  a  great  deal  more  involved  than  the  mere  sowing  of 
seeds  and  the  reaping  of  harvests.  The  crop  must  be  suited  to  the  climate 
and  soil,  and  the  soil  prepared  for  the  crop.  The  feed  must  be  the  right 
kind,  quality,  and  quantity.  In  ancient  times  and  even  until  compara¬ 
tively  recently,  tradition  largely  governed  the  practices  of  the  tiller  of  the 
soil. 

An  important  branch  of  the  federal  government  of  the  United  States 
is  the  Department  of  Agriculture.  One  of  the  chief  duties  of  this  depart¬ 
ment  is  to  maintain  agricultural  experiment  stations.  In  addition  each 
state  of  the  Union  has  one  or  more  agricultural  experiment  stations.  In 
the  laboratories  of  these  experiment  stations  researches  are  carried  out 
on  soils  and  their  suitability  for  different  crops,  resistant  and  productive 
varieties  of  plants  are  bred,  and  methods  of  combating  diseases  devel¬ 
oped.  Nearly  every  state  has  one  or  more  agricultural  colleges  where  spe¬ 
cialists  in  the  various  branches  are  trained.  One  of  the  chief  duties  of 
these  institutions  is  to  give  free  advice  to  farmers  on  their  problems. 

Famine  stalked  before  ancient  man  and  still  appears  in  certain  less 
enlightened  parts  of  the  world.  Thanks  to  scientific  methods  of  farming, 
the  control  of  plant  diseases  and  injurious  insects,  and  the  organization 
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and  distribution  of  production,  the  fear  of  famine  is  no  longer  a  factor  in 
the  Western  Hemisphere  in  time  of  peace. 

B.  CONSERVATION 

In  early  times  when  men  were  few  and  the  world  seemed  large, 
there  was  little  need  for  the  conservation  of  natural  resources.  Now  as 
all  parts  of  the  habitable  regions  are  rapidly  becoming  occupied  by  man 
and  his  works,  preservation  of  forests  and  useful  animals  is  becoming 
a  problem  of  greater  and  greater  importance.  Conservation  is  necessary 
not  only  that  the  natural  resources  may  be  available,  but  because  their 
depletion  has  far-reaching  effects  on  climate  and  society.  We  are  already 
beginning  in  the  United  States  to  feel  the  effects  of  the  destruction  of  our 
forests  and  the  squandering  of  lumber  in  the  droughts  that  visit  the 
central  states,  for  much  of  the  moisture  that  goes  into  the  air  is  evaporated 
from  the  leaves  of  trees.  Effective  conservation  of  natural  resources  can 
be  carried  out  only  after  detailed  biological  surveys  and  extensive  studies 
of  the  principles  involved  have  been  made  by  expert  biologists. 

C.  FISHERIES 

The  landsman  is  apt  to  think  of  fishing  as  chiefly  a  vacation  sport. 
However,  for  many  people  it  provides  a  livelihood  and  for  a  still  greater 
number  an  important  food.  Most  of  our  food  fishes  come  from  the  sea; 
many  of  them  from  the  deep  sea.  Only  a  few  such  as  the  white  fish  of  the 
Great  Lakes  come  from  fresh  water.  Two  methods  are  commonly  used  in 
commercial  fishing;  traps  and  nets. 

Fish  traps  are  usually  set  in  shallow  water  and  consist  of  a  lead  which 
the  fish  tend  to  follow  into  a  pound  where  they  are  caught.  From  the 
pound  the  fish  are  gathered  into  small  boats.  Nets  are  of  different  types 
but  the  two  principal  kinds  are  the  seine  and  trawl.  Seines  are  used  in 
shallow  water  where  they  may  be  hauled  in  by  hand  or  with  teams  of 
horses,  or  they  may  be  set  in  the  open  sea  and  hauled  in  by  hand  into 
small  boats.  The  fishermen  usually  endeavor  to  set  the  seine  around  a 
school  of  fish  or  where  they  know  fish  to  be  abundant.  A  trawl  net  is  a 
huge  bag  which  is  towed  behind  a  boat.  For  deep  sea  fishing  steamboats 
known  as  trawlers  are  used. 

The  shellfish  industry  is  almost  as  important  as  the  fishing  industry 
proper.  Shellfish  are  caught  commercially  by  hand  and  by  dredges  from 
small  boats  and  even  steam  tugs.  On  eertain  |xirls  of  the  Atlantic  coast 
the  shallow  wat(‘r  off  shore  is  “farmed  out”  in  oysters,  the  (ishermen 
farmers  having  ck'linite  areas  which  tiu'y  “seed”  with  oyster  fry. 
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The  fishing  industry  is  one  of  which  the  public  does  not  see  much 
except  the  product  at  the  dinner  table,  but  it  is  one  which  employs  a 
large  number  of  people  and  receives  considerable  attention  from  the 
government  in  the  form  of  regulation  and  research.  That  the  develop¬ 
ment  and  control  of  fisheries  is  a  biological  problem  goes  without  saying. 

D.  MEDICINE 

It  is  scarcely  necessary  to  stress  the  interdependence  of  biology  and 
medicine.  The  physician  of  today  is  largely  concerned  with  the  applica¬ 
tion  to  particular  cases  of  discoveries  made  in  the  research  laboratories 
of  medical  schools  and  other  special  research  institutions  —  in  labora¬ 
tories  of  physiology,  of  biochemistry,  of  bacteriology,  and  of  experimental 
surgery.  The  researches  are  in  most  cases  carried  out  on  animals.  A 
knowledge  of  the  animals  is  of  course  necessary  for  the  interpretation 
of  the  results.  The  death  rate  from  all  causes  in  the  United  States  was, 
in  the  year  1880,  approximately  20  persons  per  year  per  1000  of  the 
population,  or  2  per  cent.  Forty-four  years  later  in  1 924,  it  was  approxi¬ 
mately  12  persons  per  1000,  a  decrease  of  over  40  per  cent.  During  the 
same  period  similarly  striking  decreases  have  been  recorded  for  the  vari¬ 
ous  European  countries.  While  the  advance  of  medical  science  cannot 
be  regarded  as  the  only  reason  for  this,  it  undoubtedly  has  been  one  of 
the  primary  and  most  important  factors. 

£.  PUBLIC  HEALTH 

We  may  liken  the  life  of  a  man  to  a  game  of  skill  in  which  his  opponent 
is  the  ever-present  and  relentless  environment,  both  living  and  dead, 
and  the  rules  are  the  inviolable  laws  of  nature.  He  who  plays  the  game 
skillfully  according  to  the  rules  lives  happily  and  long  while  he  who 
blunders  or  disobeys  the  rules  is  unhappy  and  short-lived.  Most  large 
cities  have  departments  of  public  health,  the  chief  duty  of  which  is  to 
guard  the  public  against  epidemics  of  infectious  diseases.  Through  the 
activity  of  their  public  health  laboratories,  their  field  workers,  and  the 
cooperation  of  physicians,  the  following  infectious  diseases  may  be  con¬ 
sidered  to  be  under  control:  diphtheria,  tetanus,  hydrophobia,  typhoid 
fever,  scarlet  fever,  smallpox,  plague,  cholera,  and  measles.  It  is  appalling 
to  think  what  would  happen  were  one  of  our  large  cities,  even  for  a  short 
time,  without  the  protection  of  its  public  health  department.  During 
the  years  of  the  Great  Plague  or  Pestilence  in  Europe  in  the  fourteenth 
century,  it  is  estimated  that  in  some  parts  of  Europe  two-thirds  or  three- 
quarters  of  the  population  died  from  the  disease,  and  that  the  proportion 
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was  even  higher  in  England.  Today  the  plague  is  practically  unknown 
in  Europe  and  America. 

F.  SOCIETY 

It  is  gradually  being  recognized  by  social  philosophers  that  the  living 
of  men  together  in  groups  is  a  biological  phenomenon,  comparable 
in  some  ways  with  the  social  groups  formed  by  animals,  and  that  per¬ 
haps  something  may  be  learned  about  human  society  by  studying  ani¬ 
mals. 

War  is  a  scourge  of  humanity  not  without  its  biological  causes  and 
effects.  There  can  be  little  doubt  that  in  the  past  wars  have  selected  for 
their  victims  the  physically  and  mentally  fit.  It  is  possible  that  a  better 
knowledge  of  the  biological  causes  and  effects  of  wars  would  serve  in  a 
measure  to  prevent  such  conflicts. 

The  application  to  man  of  knowledge  gained  from  the  breeding  of 
plants  and  animals  is  finding  its  expression  in  the  eugenic  movement 
for  the  betterment  of  the  race.  This  movement  depends  largely  on  the 
enlightenment  of  the  public  regarding  the  inheritance  of  human  charac¬ 
teristics  and  the  care  of  the  mother  and  child. 

According  to  the  Apocalypse,  four  horsemen  ride  over  and  terrify 
humanity.  The  first  of  these  is  named  Pestilence,  the  second.  War,  the 
third.  Famine,  and  the  fourth.  Death.  Against  each  of  these  four  horse¬ 
men,  man  has  at  least  one  effective  weapon  —  biology. 
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Questions 

1.  How  does  the  method  of  science  differ  from  other  methods  of  obtaining 
knowledge?  Illustrate  your  answer  by  discussing  how  a  problem  would  be 
attacked  by  the  different  methods. 

2.  When  is  an  observation  to  be  accepted  as  accurate? 

3.  Distinguish  between  an  hyoothesis  and  a  speculation. 

4.  Which  of  the  following  problems  would  be  in  the  field  of  the  physical 
sciences  and  which  in  the  field  of  the  biological  sciences:  (a)  the  age  of 
the  earth;  (b)  the  origin  of  man;  (c)  the  composition  of  the  atmosphere; 
(d)  the  cause  of  typhoid  fever;  (e)  the  movement  of  the  tides;  (/)  the  food 
value  of  sugar? 

5.  To  which  branch  of  biology  would  the  investigation  of  the  following  belong: 
(a)  the  arrangement  of  the  bones  in  the  hand;  (b)  the  contraction  of  muscle; 
(c)  the  different  kinds  of  roses;  (d)  the  different  kinds  of  butterflies;  (e)  the 
breathing  of  insects;  (/)  the  formation  of  starch  in  a  potato? 

6.  Which  of  the  following  would  you  consider  as  involving  applied  science: 
(a)  playing  a  musical  instrument;  (b)  the  manufacture  of  an  automobile; 
(c)  the  painting  of  a  landscape;  (d)  the  growing  of  wheat? 

7.  Outline  the  founding  of  the  science  of  anatomy.  What  were  the  chief  con¬ 
tributions  of  the  following:  Vesalius,  Galen,  Aristotle? 

8.  Outline  the  different  views  as  to  the  function  of  the  heart  up  to  the  time  of 
Harvey. 

9.  How  did  Harvey  prove  that  there  was  a  circulation  of  the  blood?  What 
evidence  was  lacking  from  his  demonstration?  By  whom  was  the  evidence 
supplied? 

10.  How  does  a  magnifying  glass  work?  Explain  the  principle  of  the  compound 
microscope. 

11.  Discuss  briefly  the  work  of  Malpighi,  Swammerdam,  and  Leeuwenhoek. 

12.  List  some  of  the  benefits  to  mankind  which  have  resulted  from  the  study 
of  biology. 

Suggestions  for  Further  Reading 

Locy,  William  A.,  The  Story  of  Biology,  Garden  City  Publishing  Company,  Inc., 
Garden  City,  N.  Y.,  1934. 


CHAPTER  2 


The  General  Characteristics 
of  Living  Things 


It  is  usually  easy  to  distinguish  a  living  plant  or  animal  from  a  stone 
or  other  lifeless  object.  Nevertheless,  it  is  difficult  to  formulate  a  definition 
of  life  in  exact  terms.  Before  discussing  the  features  which,  in  general, 
distinguish  living  from  nonliving  things,  it  will  be  well  to  have  in  mind 
specific  examples  of  plants  and  animals  to  which  the  statements  may  be 
applied.  For  this  purpose  organisms  of  relatively  simple  structure  and 
mode  of  life  are  chosen  because  their  simplicity  brings  out  more  clearly 
the  essential  characteristics. 

1.  DESCRIPTION  OF  A  SIMPLE  PLANT: 

THE  POND  SCUM,  SPIROGYRA 

Most  people  have  noticed  at  one  time  or  another  a  light  green  scum  on 
the  surface  of  a  pond.  This  is  usually  due  to  the  presence  of  microscopic 
plants.  One  of  the  commonest  of  these  bears  the  scientific  name  Spirogyra} 

When  examined  with  a  hand  lens  the  “scum”  is  found  to  be  made  up 
of  long  threadlike  filaments  (Fig.  2:1).  Under  the  compound  microscope 
a  filament  is  seen  to  be  composed  of  numerous  small  cylindrical  bodies 
joined  end  to  end.  These  bodies  are  called  cells  and  they  contain  the 
living  material  or  protoplasm  of  the  plant.  Each  cell  is  surrounded  by 
a  cell  wall  and  the  cell  walls  at  the  ends  of  the  cylinders  form  the  parti¬ 
tions  between  the  separate  cells  (Fig.  2:2).  The  cell  wall,  although  formed 
by  the  protoplasm,  is  not  part  of  the  living  material  since  it  docs  not 
take  part  in  any  of  (he  vital  activities  of  the  cell.  The  actual  living 
material  or  protoplasm  lies  inside  the  cell  wall  and  forms  what  is  called 

^  This  is  the  name  of  the  genus  to  which  the  plant  belongs.  Generic  names  arc  spelled  with  a 
capital  letter  and  in  this  book  are  printed  in  italics.  When  so  printed  and  spelled  each  should 
be  used  as  the  name!  of  a  group  of  organisms  and  not  as  that  of  an  individual  organism.  When 
an  individual  of  the  group  is  intended  the  gcmeric  name  may  be  used  as  an  English  noun  in 
the  singular,  spelled  with  a  small  letter,  and  printed  in  ordinary  type. 
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the  protoplast.  Bounding  the  protoplast  and  forming  part  of  it  is  a  very 
delicate  membrane,  the  plasma  membrane.  So  delicate  is  this  membrane 
that  it  cannot  actually  be  seen  by  the  highest  powers  of  the  microscope. 
Its  presence  can  be  demonstrated,  however,  by  causing  the  protoplast 
to  shrink  within  the  cell  wall.  Most  of  the  protoplasm  lies  directly  under 
the  plasma  membrane  which  is  closely  applied  to  the  cell  wall  so  that 
the  greater  part  of  the  interior  of  the  protoplast  is  occupied  by  a  large 


Fig.  2:1  Spirogyra.  A  general  view  showing  parts  of  three  filaments. 


Gelatinous  Sheath  Cell  Wall  Nucleus  Dense  Cytoplasm 


Fig.  2:2  One  of  the  cells  from  a  filament  of  Spirogyra  highly  magnified.  After  Smith, 
Overton,  et  al.^  Textbook  of  General  Botany,  The  Macmillan  Company. 


vacuole.  This  vacuole  contains  a  liquid,  the  cell  sap,  which  should 
probably  not  be  regarded  as  living  material  although  it  is  included  in  the 
protoplast. 

Suspended  near  the  center  of  the  protoplast  by  strands  of  protoplasm 
extending  to  the  periphery  is  an  ovoid  mass  of  protoplasm  containing  a 
spherical,  highly  refractive  body  called  the  nucleus.  The  nucleus  is  an 
essential  part  of  the  protoplast.  Without  it  the  cell  cannot  continue  to 
carry  on  all  of  its  vital  functions. 

The  green  color  of  Spirogyra  is  due  to  a  mixture  of  substances  to  which 
the  general  term  chlorophyll  is  applied.  The  chlorophyll  is  contained 
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in  a  ribbon-shaped  mass  of  protoplasm  called  a  chloroplast.  In  the 
chloroplast  are  numerous  small  spherical  bodies  called  pyrenoids  which 
are  centers  of  starch  formation.  The  spiral  form  of  the  chloroplast  is  the 
reason  for  the  name  Spirogyra. 


Anabolism 
Energy  stored 


Light  energy  absorbed 

V  Y 


Carbon  dioxide  taken  in 


Katabolism 
Energy  liberated 


Oxygen  taken  in 


V 


V 


Fig.  2:3  Spirogyra.  Diagram  of  metabolism.  .Above,  anabolism;  below,  katabolism. 


ITc  activities  of  the  plant  include  growth,  which  involves  the  inaiui- 
facturc  of  the  materials  needed  to  Ibrin  new  cells;  movement  and 
arrangement  of  the  manufactured  materials  to  form  parts  of  the  cells: 
and,  under  certain  circumstances,  movement  of  the  protoplasm  within 
the  cell  wallsVi  o  carry  on  these  activities  the  |)lant  requires  energy,  'hhe 
energy  is  received  in  the  form  of  sunlight,  which  is  absorbed  by  the 
chlorophyll  in  the  chloroplast.  In  the  chloroplast  the  light  energy  is 
converted  into  (  hemical  eiK'rgy  in  the  form  of  sugar.  'This  process  is 
called  photosynthesis.  TIh'  raw  matc'rials  for  the  formation  of  the  sugar 
consist  of  the  gas  carbon  dio.xide  and  water.  1  he  carbon  dio.xide  and 
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water  diffuse  into  the  protoplasm  and  into  the  chloroplasl  from  the  sur¬ 
rounding  water  (Fig.  2:3).  The  sugar  is  frequently  converted  into  starch 
by  the  plant.  The  starch  is  practically  insoluble  and  is  deposited  in  the 
cells  in  the  form  of  granules.  In  this  form  the  material  can  be  stored  in 
the  plant,  to  be  later  reconverted  into  sugar  when  needed.  From  the 
sugar  and  from  the  simpler  chemical  compounds  (inorganic  salts)  which 
enter  the  protoplast  directly  from  the  water  are  formed  the  various  sui3- 
stances  which  the  plant  uses  to  build  up  its  body.  The  green  plant  is  thus 


Fig.  2:4  A  cell  from  a  Spirogyra  filament  in  process  of  division.  After  Smith,  Overton, 
et  al.j  Textbook  of  General  Botany,  The  Macmillan  Company. 

able  to  manufacture  its  own  food  materials,  and  in  this  respect  it  is  in¬ 
dependent  of  other  organisms. 

Besides  being  a  step  in  the  formation  of  the  more  complicated  chemical 
compounds  needed  by  the  protoplasm,  sugar  also  acts  to  keep  the  vital 
processes  of  the  plant  going.  In  doing  this  it  acts  much  in  the  same  way 
that  coal  acts  in  a  steam  engine  or  gasoline  in  a  motor.  By  combining 
with  oxygen  the  sugar  makes  available  to  the  plant  the  energy  which 
was  absorbed  from  the  sun  in  its  formation.  Two  processes  are  involved: 
an  exchange  of  gases  and  an  oxidation.  The  oxidation,  i.e.,  the  combina¬ 
tion  with  oxygen,  occurs  in  the  protoplasts  and,  unlike  the  burning  of 
coal,  is  accompanied  by  only  a  slight  rise  in  temperature.  The  exchange  ! 

of  gases  occurs  through  the  plasma  membranes  of  the  cells.  Together  i 

these  two  processes  constitute  respiration.^  In  the  green  plant  during  p 

the  day  respiration  is  masked  by  photosynthesis,  since  in  this  latter  i| 
process  carbon  dioxide  is  taken  in  and  oxygen  is  given  off,  as  the  latter  ji| 
is  usually  formed  in  excess  of  that  required  for  respiration.  During  the  ! ;  I 

night,  or  when  the  plant  is  deprived  of  light,  photosynthesis  ceases. 
Respiration  is  then  easily  demonstrated  by  showing  that  carbon  dioxide  1 1 
is  given  off.  ^ 

The  filaments  grow  in  length  by  cell  division.  The  nucleus  divides 
first,  and  this  is  followed  by  the  division  of  the  entire  protoplast  and  the  ) 

^  This  is  the  sense  in  which  the  term  is  usually  used  by  biologists.  By  the  earlier  biologists  ) 

the  term  was  restricted  to  the  exchange  of  gases.  In  medical  literature  it  usually  means  breath¬ 
ing,  i.e.,  taking  air  into  and  passing  air  out  of  the  lungs. 
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formation  of  a  new  transverse  wall  separating  the  two  daughter  cells 
(Fig.  2:4). 

When  a  filament  of  Spirogyra  is  torn  in  two  by  an  aquatic  insect  or 
other  animal,  as  often  happens,  each  part  continues  to  grow.  This  is 
probably  the  usual  method  by  which  the  number  of  filaments  is  in¬ 
creased  during  the  favorable  summer  season. 

At  certain  times,  however,  especially  in  spring  or  autumn,  sexual 
reproduction  occurs.  Two  filaments  become  arranged  parallel  to  each 


Male  gamete 


L. 

,,  1 

^  1 
^  V 

C 

Zygote 


Fig.  2:5  Sexual  reproduction  in  Spirogyra.  A,  formation  of  conjugation  tubes  and 
rounding  of  male  gamete;  B,  migration  of  male  gamete  through  conjugation  tube; 
C,  zygote  forming  zygospore.  After  Smith,  Overton,  et  al.,  Textbook  of  General  Botany, 
The  Macmillan  Company. 


Other.  Small  knoblike  projections  grow  out  from  the  cells  and  join, 
forming  tubes  that  unite  the  cells  of  one  filament  with  those  of  the  other 
(Fig.  2:5).  These  tubes  which  place  the  cells  in  communication  arc  called 
conjugation  tubes.  In  this  stage  the  filaments  have  the  appearance  of  a 
miniature  ladder,  the  conjugation  tuiics  occupying  the  place  of  rungs. 
The  protoplasts  of  the  cells  which  have  been  pul  into  communication 
by  the  conjugation  lubes  withdraw  from  the  cell  walls  and  shrink  into 
rounded  masses.  One  of  the  protoplasts  begins  the  shrinking  process  in 
advance  of  the  other  and  this  i)rotoplast  migrates  through  the  conjuga¬ 
tion  tube  to  join  and  fuse  with  its  partner  in  the  opposite  cell.  Fhe  fusion 
of  the  cells  is  followed  by  a  fusion  of  tlu'ir  nuclei.  The  fusion  of  the  nuclei 
is  called  fertilization,  flu'  single*  ('c'll  formed  by  the  fusion  of  the  two 
cells  is  called  a  zygote.  I^ae'h  of  the  two  ('ells  which  fuse  to  form  the  zygote 
is  called  a  gamete.  In  Spirogyra  tlu*  ganu'tes,  although  alike  in  struc¬ 
ture*,  differ  in  tlu'ir  l)(*havior.  I  he*  ganu*te*  whie'h  migrates  from  one 
filament  to  the*  oth(*r  is  ('all(*(l  the*  male  gamete,  riu*  gamete  which  re¬ 
mains  in  its  own  hlame'nl  is  ('allc'd  a  female  gamete. 

d’he*  zygote*  forms  a  n(*w  re*sislanl  ('(*11  wall  .irounel  itse*ll  inside'  the*  cell 
wall  of  the*  old  (ilain(*nt  and  l)(*('()m(*s  a  zygospore.  After  e'onjug.ition 
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the  filaments  sink  to  the  bottom  of  the  pool  and  gradually  disintegrate, 
leaving  the  zygospores.  A  period  of  weeks  or  months  may  intervene  before 
germination  (Fig.  2:6).  When  this  occurs  the  outer  resistant  portion  of 
the  cell  wall  is  broken  and  the  protoplasm  of  the  zygospore  sends  out  a 
cylindrical  process  covered  by  a  thin  cell  wall.  Within  this  process  the 
structure  of  a  typical  cell  of  Spirogyra  appears.  Cell  division  then  occurs 
and  a  new  filament  is  formed. 


Fig.  2:6  Spirogyra.  Germination  of  zygospore  of  Spirogyra.  A,  beginning  of  germination; 
B,  cell  division  has  occurred  and  the  filament  is  beginning  to  elongate.  After  Smith, 
Overton,  et  al.^  Textbook  of  General  Botany,  The  Macmillan  Company. 

The  formation  of  zygotes  and  the  formation  of  spores  are  both  methods 
of  reproduction.  The  process  by  which  zygotes  are  formed,  inv^olving 
the  fusion  of  two  gametes,  is  called  sexual  reproduction. 


2.  DESCRIPTION  OF  A  SIMPLE  ANIMAL:  HYDRA 

The  small  fresh-water  animal  called  Hydra,  for  which  there  is  no 
common  name,  is  found  in  ponds  all  over  the  world.  Several  difTerent 


Fig.  2:7  Hydra  attached  to  the  leaves  of  a 
water  plant.  The  hydra  on  the  left  is  ex¬ 
tended.  That  on  the  right  is  somewhat  con¬ 
tracted  and  shows  a  small  bud.  Photograph 
by  J.  W.  Mavor. 


species  occur  but  they  do  not  differ 
greatly  from  each  other  and  we  1 
need  not  concern  ourselves  with 
the  differences.  The  animal  is  small,  1 1 
rarely  being  more  than  a  quarter  ! 
of  an  inch  in  length  when  ex¬ 
tended  (Fig.  2:7).  Its  body  is  then  ' 
roughly  cylindrical  in  shape  and 
quite  slender,  but  when  irritated  it  ^ 
may  contract  into  a  rounded  mass. 

One  end,  called  the  foot,  is  usually  ' 

attached  to  an  aquatic  plant  or  i 

some  other  object  in  the  water.  ) 

From  the  other  end  six  to  ten  long 
slender  tentacles  project.  The  ten¬ 
tacles  surround  a  conical  raised  | 

portion,  called  the  hypostome,  in 
the  center  of  which  is  the  mouth  i 
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opening.  The  tentacles  are  usually  seen  sweeping  through  the  water 
in  search  of  the  microscopic  animals  and  plants  on  which  the  hydra  feeds. 

There  are  no  eyes,  ears,  or  other  organs  of  special  sense,  but  the 
animal  is  sensitive  to  touch  and  to  chemical  stimuli,  and  it  also  reacts 
to  light,  moving  toward  moderate  light  and  away  from  bright  light. 
Hydra  has  a  number  of  different  methods  of  locomotion.  In  one  method 


Fig.  2:8  Locomotion  in  Hydra.  After  L.  Jammes,  ^oologie  practique.,  Masson  et  Cie., 
Paris. 

the  foot  may  glide  over  the  substratum  or  surface  of  the  plant  or  other 
object  to  which  the  animal  is  attached.  In  another  method  the  movement 
is  like  that  of  a  measuring  worm;  the  body  is  bent  over  and  the  tentacles 
arc  applied  to  the  substratum,  after  which  the  foot  is  detached  and  moved 
along  toward  the  tentacles  which  arc  then  moved  forward  and  the  process 
repeated  (Fig.  2:8).  In  still  another  method  the  animal  makes  a  scries 
of  extremely  slow  somersaults.  The  tentacles  arc  attached  to  the  sub¬ 
stratum  as  in  the  case  of  the  previous  mctliod,  but  the  fool  makes  a  com¬ 
plete  semicircle  and  comes  down  in  advance  of  the  tentacles. 

The  mouth  opening  leads  into  a  relatively  large  cavity  which  tills  the 
whole  of  the  interior  of  the  animal,  d'his  is  termed  the  gastrovascular 
cavity  (Gr.  gasler,  a  stomach  T  rascidurn,  a  va'ssel).*  Into  it  are.  passed 
the  small  animals  and  plants  which  serve  as  food.  They  are  there  digested 
and  the  digested  mat('rials  are  absorbed  by  the  cells  ol  the  hydra.  Fhc 
undigested  materials  are  j)ass(‘d  out  at  the  mouth. 

Hydra  is  so  small  and  transparent  that  the  entire  animal  can  be  {daeed 
in  water  under  the  compound  luicToseojK'  and  the  individual  cells  ob¬ 
served.  now(‘V(T,  the  study  of  cells  can  be  pursued  to  greater  advantage 


Also  called  the  coclcntcron  (Or.  coilos,  hollow  -p  cnlrron,  intestine). 
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on  prepared  sections  of  the  animal.  Such  sections  can  be  cut  through  the 
animal  either  in,  or  parallel  to,  its  longitudinal  axis,  i.e.,  lengthwise,  or 
transversely  at  right  angles  to  the  longitudinal  axis,  i.e.,  crosswise.  For 


Fig.  2:9  Hydra.  Semidiagrammatic  longitudinal  section  of  adult  individual  showing 
two  buds. 

laboratory  study  transverse  sections  are  generally  used.  For  the  purpose 
of  the  present  description  a  diagrammatic  longitudinal  section  will  be 
most  instructive  (Fig.  2:9).  The  method  by  which  such  sections  are  pre¬ 
pared  is  described  in  more  detail  in  Chap.  4.  Here  it  will  be  sufficient 
to  state  that  the  tissue  is  hardened,  differentially  colored,  and  cut  into 
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very  thin  slices.  Such  sections  reveal  that  the  body  of  Hydra  consists  of 
two  layers  of  cells  surrounding  the  gastrovascular  cavity.  The  outer  layer 
of  cells  which  is  everywhere  in  contact  with  the  water  is  called  the 
epidermis  (Gr.  epi^  over  +  derma^  covering  or  skin),  and  the  layer  which 
lines  the  gastrovascular  cavity  the  gastrodermis  (Gr.  gaster^  gastros, 
stomach).^  The  epidermis  is  separated  from  the  gastrodermis  by  a  layer 


Fig.  2:10  Hydra.  Cellular  structure  in  body  wall.  Mesoglea  is  shown  as  black. 

of  jelly  called  the  mesoglea  (Fig.  2:10).  Some  of  the  epidermal  cells 
develop  contractile  processes  at  their  inner  ends  while  others  are 
differentiated  into  nerve  cells  which  transmit  nervous  impulses  from 
one  part  of  the  body  to  another.  Idic  cells  of  the  gastrodermis  also  bear 
contractile  processes  and  some  of  them  are  also  dilferentiated  into  nerve 
cells.  All  of  these  cell  processes  lie  against  or  in  (he  mesoglea.  Some  of 
the  larger  gastrodermal  cells  carry  long  whiplike  processes,  called 
flagella,  which  serve  to  create  curnaits  in  th(‘  (luid  contents  of  the  gastro¬ 
vascular  cavity,  d'he  iutvc'  cells  and  (he  contractile  processes  in  the  epi¬ 
dermis  and  the  gastrodermis  make  possible  the  coordinated  movements 


*  Some  aiitliors  use  cctoclerin  ((ir.  rr/er,  outside)  and  endodenn  (Cr.  nidoti,  within)  tor  the 
outer  and  inner  layers  of  Hydra  and  similar  animals,  but  it  is  perhaj)s  li('tt('r  to  preserve  the.se 
terms  for  embryos,  and  to  reserve  e|)idei mis  and  j^astrodei mis  for  the  layers  in  an  adult  animal 
such  as  Hydra. 
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of  the  body  of  the  animal.  Other  specialized  cells  occur  in  the  ecto¬ 
derm.^ 

Unlike  the  plant  described  in  the  previous  section,  Hydra  is  unable  to 
manufacture  its  own  food  materials.  For  these  materials  it  is  dependent 
on  the  bodies  of  the  other  animals  and  plants  on  which  it  feeds.  The 
method  of  feeding  has  already  been  indicated.  The  small  animal  or  plant 
is  taken  in  through  the  mouth  opening  into  the  gastrovascular  cavity. 


There  digestion  occurs,  i.e.,  much  of  the  material  of  which  the  small 
animal  or  plant  is  composed  is  made  soluble  in  water  by  the  action  of 
digestive  juices  secreted  into  the  gastrovascular  cavity  from  cells  in  the 
gastrodermis  (Fig.  2:11).  Hydra  is  able  to  use  for  food  only  those  materials 
which  can  be  made  soluble,  since  only  soluble  substances  can  pass 
through  the  plasma  membranes  of  its  cells  and  become  incorporated  in 
its  protoplasm.  The  insoluble  substances  and  the  substances  not  absorbed 
into  the  cells  of  the  hydra  are  extruded  through  the  mouth  opening. 
Small  pieces  of  partially  digested  animals  or  plants  may  be  engulfed  by 
gastrodermal  cells,  to  be  digested  in  vacuoles  within  the  cells.  The 
1  See  Chap.  19. 


Art  2  DESCRIPTION  OF  A  SIMPLE  ANIMAL 


37 


material  in  the  gastrovascular  cavity  is  moved  about  by  the  flagella  of 
the  gastrodermal  cells  and  by  contractions  of  the  body.  In  this  way 
distribution  of  the  food  materials  to  all  parts  of  the  gastrodermis  occurs. 
The  cells  of  the  epidermis  obtain  their  food  materials  from  the  cells  of 
the  gastrodermis.  Although  Hydra  obtains  its  food  materials  in  part  ready 
made,  nevertheless,  energy  is  needed  to  build  them  up  into  the  specific 
substances  which  compose  its  protoplasm. 

Just  as  the  plant  described  in  the  previous  section  was  found  to  require 
energy  to  carry  on  its  vital  processes,  so  Hydra  requires  energy^  to  carry 
on  its  activities  —  which  include  movement,  secretion  of  digestive  juices, 
and  the  building  up  of  its  tissues.  This  energy^  it  obtains  through  respira¬ 
tion,  i.e.,  through  the  oxidation  of  food  materials.  Oxygen  is  absorbed 
through  the  entire  surface  of  the  body,  there  being  no  special  respiratory 
organs.  The  oxidation  occurs  within  the  cells.  Other  substances  besides 
carbon  dioxide  and  water  result  from  the  process.  In  plants  such  waste 
substances  occur  usually  only  in  small  quantities,  but  in  animals  they 
occur  in  larger  quantities  and  must  be  passed  out  by  a  process  of  excre- 
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Fig.  2:12  Hydra.  Mak*  and  Icinalc  irj)rudiiclivc  organs,  scMuidiagraniinatic. 


tion.  'Ilie  most  iiiiportaiU  ol'  these  subslanees  is  urea.  In  the  higher  ani¬ 
mals  urea  is  (‘xendecl  by  the  kidneys.  In  Hydra  it  passes,  like  the  earbon 
dioxide,  directly  Iroin  the  eells  into  tlu'  surrounding  water. 

Bolli  s(‘xual  and  as(‘xual  r('j)r()duetion  oeeur  in  Hydra.  The  eoinmonest 
metluxl  of  asexual  reproduction  is  by  budding  (Tig.  2d)).  Buds  arise 
on  the  sid('s  of  tlu*  body.  When  a  bud  is  being  lormed,  the  t'pidermis  and 
gasIrodcTinis  ol  th(‘  j)aren(  grow  out  to  Ibrin  a  ja'ojr'cdion  into  whieh  tlu' 
gastrovascular  ('avity  ('xt(‘nds.  A  mouth  and  t('nta('l(‘s  arc'  (lu'n  lornu'd, 
alter  which  (he  bud  may  Ikv'ouh'  d(‘(a('h('d  Irom  its  jtarc'iK  and  earry  on 
an  ind(‘pendenl  ('xist(‘nc(‘.  Longitudinal  or  transverse  division  of  (he 
whole  animal  into  approximat(‘ly  (‘(jual  |)arts  also  oc'eurs,  l)ut  r.irrdv. 
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In  sexual  reproduction  the  gametes,  or  sex  cells,  arc  developed  in 
special  organs  called  testes  and  ovaries.  Male  gametes  or  sperms  develop 
in  the  testes.  In  each  ovary  a  single  egg  cell,  or  female  gamete,  is  developed 
(Fig.  2:12).  The  relatively  large  egg  cell  is  ladened  with  food  material 
and  remains  in  the  ovary.  When  mature  the  testes  burst  and  the  sperm 
are  freed  into  the  sea  water.  Each  sperm  is  provided  with  a  single  long 
flagellum  and  swims  about  actively  until  it  finds  an  unfertilized  egg  or 
dies.  Since  the  development  of  testes  and  ovaries  does  not  usually  occur 
simultaneously  in  the  same  individual,  the  gametes  which  join  in  fertili¬ 
zation  usually  come  from  difTerent  individuals.  The  fertilized  egg  de¬ 
velops  into  a  young  hydra  similar  to  its  parents. 

3.  THE  CHARACTERISTICS  OF  LIVING  THINGS 

We  are  now  ready  for  a  general  consideration  of  the  characteristics  of 
living  things.  These  will  be  considered  under  the  headings  organization, 
growth  and  differentiation,  metabolism,  response  to  changes  in  the  envi¬ 
ronment,  and  reproduction. 

A.  ORGANIZATION 

When  we  call  a  plant  or  an  animal  an  organism  we  imply  that  it  is 
organized,  that  is,  that  it  consists  of  parts  carrying  out  functions  which 
are  correlated  and  contribute  toward  the  activities  of  the  whole.  Thus 
the  filament  of  Spirogyra  is  composed  of  cells  which  carry  out  living 
processes,  and  each  cell  is  organized  into  parts  such  as  the  chloroplast 
which  manufactures  sugar  or  the  plasma  membrane  which  determines 
what  materials  can  enter  or  leave  the  protoplast.  Or,  taking  Hydra,  we 
find  that  here  the  body  of  the  animal  can  be  divided  into  such  parts  as 
the  tentacles,  mouth,  and  body  wall,  each  of  which  has  a  different  func¬ 
tion,  and  further  that  there  are  a  number  of  difTerent  kinds  of  cells, 
each  kind  with  a  different  function.  From  the  correlated  activities  of 
these  parts  there  results  an  organism  which  in  the  first  case  is  a  plant 
called  Spirogyra  and  in  the  second  an  animal  called  Hydra.  As  will  become  ^ 
apparent  in  later  chapters,  the  organization  extends  beyond  the  visible 
parts  of  the  cell  into  the  arrangement  of  the  substances  of  which  the  cell 
is  composed. 

Higher  in  the  scale  of  organization  are  the  more  familiar  trees,  shrubs,  1 1 
and  herbs.  Here  the  plant  body  may  be  regarded  as  composed  of  various  ! . 
organs  performing  different  functions.  Thus  the  root  is  an  organ  which  i: 
holds  the  plant  in  the  ground  and  absorbs  water  and  mineral  substances  ! 
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from  the  soil;  the  stem  is  an  organ  which  supports  the  leaves  and  con¬ 
ducts  materials  from  one  part  of  the  plant  to  another;  while  the  leaves 
are  organs  which  are  concerned  chiefly  with  the  manufacture  of  sugar. 
In  an  animal  such  as  a  fish,  bird,  or  mammal  the  scale  of  organization 
is  yet  higher,  and  organs  performing  related  functions  are  grouped  into 
systems  of  organs.  Some  of  the  systems  are  the  skeletal  system,  or  skele¬ 
ton,  made  up  of  the  various  bones  which  form  the  framework ;  the  mus¬ 
cular  system,  with  its  different  muscles  which  are  responsible  for  the 
movement  of  the  body ;  the  digestive  system,  including  the  mouth,  esoph¬ 
agus,  stomach,  and  intestine,  in  which  food  is  digested  and  through  the 
walls  of  which  food  substances  are  absorbed;  the  circulatory  system, 
consisting  of  the  heart  and  blood  vessels,  which  contains  the  blood  and 
circulates  it  through  the  body;  the  respiratory  system,  including  the 
lungs  and  trachea,  which  brings  oxygen  to  the  blood  and  takes  carbon 
dioxide  away  from  it;  the  excretory  system,  which  includes  the  kidneys 
and  eliminates  waste  products;  and  the  nervous  system,  consisting  of 
the  brain,  spinal  cord,  and  peripheral  nerves,  which  largely  controls 
and  coordinates  the  activities  of  all  the  other  systems  and  organs. 

Also  in  these  animals  the  organization  is  carried  further  and  into  the 
finest  details.  Thus  organs  are  composed  of  tissues,  and  tissues  are  made 
up  of  cells.  The  cells  which  compose  a  tissue  are  similar  in  structure  and 
are  specialized  to  carry  on  a  particular  function.  The  term  tissue  is 
usually  used  to  include  not  only  the  living  cells  but  also  structures  pro¬ 
duced  by  them  and  associated  with  them,  such  as  the  cell  walls,  the  hard 
material  of  bone,  and  the  fibers  of  tendons.  Most  organs  contain  a  num¬ 
ber  of  different  kinds  of  tissues.  Thus,  for  example,  the  heart,  although 
a  muscular  organ  and  consisting  largely  of  muscle  tissue,  contains  con¬ 
nective  tissue,  blood  (both  in  its  cavities  and  in  the  blood  vessels  of  its 
muscles),  and  nerve  tissue,  and  is  covered  and  lined  with  epithelial 
tissue. 

All  animals  and  plants  consist  of  cither  a  single  cell  or  groups  of  cells. ^ 
In  the  case  of  large  plants  and  animals  the  number  ol  cells  in  an  adult 
individual  may  reach  many  millions.  An  individual  plant  or  animal 
usually  starts  its  existence  as  a  single  cell.^  This  cell  divides  first  into  two 
parts  to  form  two  cells.  Then  each  of  these  cells  divides  again  into  two, 
giving  a  total  of  (bur  cells,  each  of  which  again  divides,  and  so  on.  In 
cell  division  the  nuch'us  always  divides  first  and  this  is  followed  by  the 
division  of  the  cell. 


^  There  are  a  few  exceptions  which  will  ho  considered  in  later  chapters. 

*  FiXccj)tions  occur  in  certain  cases  of  asexual  reproduction  which  will  be  referred  to  in 
later-  chaptrus. 
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As  already  indicated,  organization  may  be  defined  as  a  systematic 
arrangement  into  parts  such  that  each  part  may  perform  one  or  more 
functions  contributing  to  the  activities  of  the  whole.  It  involves  division 
of  labor  among  the  parts  and  their  specialization  to  carry  out  that  labor 
more  effectively.  The  question  arises  whether  organization  is  confined 
to  living  things.  An  automobile,  it  may  be  said,  consists  of  various  parts 
such  as  the  steering  gear,  motor,  and  so  on,  which  perform  different 
but  related  functions  and  are  comparable  to  the  organs  of  an  organism. 
The  term  may  be  applied  to  a  town  or  city,  which  is  said  to  be  organized 
into  departments,  industries,  and  the  like.  These  arc,  of  course,  organized 
bodies  but  we  must  not  forget  that  they  are  products  of  human  activity 
and  that  they  thus  owe  their  organization  to  a  living  thing.  They  are, 
in  fact,  like  cell  walls  or  sea  shells,  products  of  living  things.  The  nearest 
approach  to  organization  to  be  found  in  the  inorganic  world  and  un¬ 
related  to  living  things  probably  occurs  in  inorganic  crystals  like  the 
snowflakes  which  form  on  a  windowpane.  Here  there  is  a  certain  amount 
of  structural  organization  but  it  would  require  a  stretching  of  the  imag¬ 
ination  to  assign  functions  to  the  structural  units  in  order  to  carry  through 
the  comparison. 

B.  GROWTH  AND  DIFFERENTIATION 

In  the  development  of  any  organism  two  processes  are  usually  in¬ 
volved.  They  are  growth  and  differentiation.  Growth  appears  as  increase 
in  size,  differentiation  as  differences  between  the  cells  and  tissues  leading 
to  specialization. 

There  is  usually  a  limit  to  the  size  which  any  type  of  cell  in  an  organ¬ 
ism  may  normally  attain.  Once  this  cell  size  is  reached,  further  growth 
is  impossible  unless  the  cell  divides.  After  this  has  occurred  the  daughter 
cells  may  grow  to  a  size  approximating  that  of  the  parent  cell.  In  general, 
large  plants  and  large  animals  have  large  numbers  of  cells,  rather  than 
large  cells.  However,  there  is  no  definite  general  relationship  between 
the  size  of  an  organism  and  the  size  of  its  cells ;  the  blood  cells  of  a  frog 
are  larger  than  the  blood  cells  of  an  elephant  or  a  man. 

The  growth  of  a  cell  involves  more  than  mere  increase  in  size.  While 
it  is  growing  it  continues  its  other  vital  activities  and  maintains  the  { 
organization  which  makes  possible  its  activities.  Although  the  propor-  i 
tions  of  the  different  parts  may  change,  each  continues  to  carry  on  its  i 
function  or  functions  harmoniously  and  in  coordination  with  the  other  i 
parts.  This  would  not  be  possible  if  the  new  materials  were  simply  added 
on  the  outside  as  occurs  when  a  crystal  ‘‘grows,’’  or  even  if  they  were 
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deposited  in  masses  in  the  interior.  The  new  materials  to  be  added  are 
distributed  in  the  living  protoplasm  and  become  a  part  of  its  finely 
organized  structure.  This  kind  of  growth  is  called  growth  by  intus¬ 
susception  (from  the  Latin:  intus,  within  +  suscipere,  to  take  up)  to 
distinguish  it  from  increase  in  size  by  the  mere  addition  of  material  to 
the  outside,  which  occurs  in  crystals  and  which  is  called  growth  by 
accretion. 

Cell  differentiation  will  be  better  understood  after  the  detailed  struc¬ 
ture  of  cells  and  the  development  of  embryos  have  been  discussed  in 
later  chapters.  Here  only  a  brief  general  statement  can  be  made.  In 
the  early  stages  of  an  embryo  the  cells  are  usually  much  alike,  and  only 
after  the  different  organs  have  begun  to  take  form  do  the  cells  gradually 
take  on  the  characteristics  of  cells  of  the  different  tissues,  such  as  the 
conducting  tissues  of  a  plant  or  the  muscular  tissues  of  an  animal. 

It  is  worth  while  to  pause  for  a  moment  and  to  try'  to  imagine  what 
happens  in  any  living  organism,  a  man  for  example,  when  growth  and 
differentiation  occur.  Every  organ  continues  to  function  and  the  individ¬ 
ual  cells  of  the  different  tissues  continue  their  vital  activities. 

The  heart  as  it  grows  keeps  up  its  even  rhythm  without  so  much  as 
missing  a  single  beat.  The  lungs  continue  without  intermission  to  take 
in  air,  and  the  oxygen  in  the  air  continues  to  be  absorbed  into  the  blood 
vessels.  The  muscles  as  they  grow  continue  to  respond  to  stimuli  by  con¬ 
traction.  The  bones  as  they  increase  in  size  and  strength  continue  their 
functions  of  support  and  protection.  Similarly,  in  a  giant  tree,  the  stem 
and  roots  grow  continually  in  length  and  thickness,  fry  to  imagine  an 
automobile  or  any  man-made  machine  gradually  increasing  in  size  while 
continuing  in  operation. 


C  METABOLISM 

by  metabolism  (Clr.  mela,  beyond  +  hnllein,  to  throw,  meaning  to 
change)  is  meant  all  of  the  chemical  changes,  including  all  of  the  chemi¬ 
cal  processes,  which  take  place  in  a  living  thing.  As  outlined  in  the 
descriptions  of  Spirogyra  and  Ilydra^  some  of  the.se  changes  lead  to  the 
formation  of  the  complex  organic  substances  whieh  actually  make  up 
the  living  j)rot()plasm  or  an*  ston'd  in  it.  The.se  substances,  which  are 
mostly  carbohydrates,  fats,  and  j)rot('ins,  will  Ik*  discussed  in  detail  in  a 
lat('r  (’haj)ter.  To  that  i)art  of  m('tal)olism  which  consists  ol  the  building 
up  of  mat('rials  for  us('  by  tlie  organism  the  term  anabolism  (Or.  ana. 
upwards  T  hallein^  to  throw)  is  applied. 

Also  included  in  metabolism  an*  tlu*  |)r()C('S.ses  in  which  materials  are 
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broken  down  either  because  they  no  longer  serve  a  usclul  pur[)osc  or  be¬ 
cause,  like  sugar,  they  are  used  as  a  source  of  energy.  1  o  all  ol  these  proc¬ 
esses  the  term  katabolism  (Gr.  kata^  downward  +  ballein^  to  throw)  is 
applied.  The  oxidations  which  occur  in  respiration  arc  an  important 
part  of  katabolism. 

The  early  students  of  living  things  thought  that  there  was  manifested 
in  them  a  special  kind  of  energy,  or  a  “vital  force,”  dilTcrcnt  from  the 
forms  of  energy  or  the  forces  encountered  in  chemistry  and  physics. 
Efforts  to  locate  or  identify  any  such  force  have  so  far  been  negative. 
On  the  contrary  it  is  possible  to  explain  the  energy'  changes  in  plants  and 
animals  on  purely  physical  and  chemical  grounds. 

Caieful  experiments  have  been  carried  out  to  determine  whether  the 
total  amount  of  energy  received  by  an  animal  (chiefly  in  the  form  of  fcx)d 
and  heat)  is  equal  to  the  total  amount  of  energy'  required  by  it  to  per¬ 
form  all  of  its  activities,  or,  in  other  words,  to  determine  whether  it  is 
necessary  to  assume  some  extra-physical  source  of  energy.  In  these  experi¬ 
ments  the  amount  of  energy  received  by  the  animal  in  the  form  of  food 
and  heat  is  accurately  measured  and  at  the  same  time  the  energy'  liber¬ 
ated  in  the  form  of  movement  and  heat  is  determined.  For  measurements 
to  be  comparable  the  experiment  must  be  done  ov'cr  a  considerable 
period  of  time  and  under  conditions  in  which  the  subject  neither  gains 
nor  loses  weight,  i.e.,  neither  stores  up  energy  nor  gives  up  stored  energy. 
When  these  conditions  are  satisfied  it  is  found  that  the  debit  and  credit 
sides  of  the  account  balance;  in  other  words,  the  amount  of  energy  re¬ 
ceived  is  equal  to  the  amount  of  energy  given  off  within  the  limit  of 
accuracy  of  the  experiment,  which  is  1  or  2  per  cent.  These  results  show, 
always  within  the  limits  of  experimental  error,  that  from  the  point  of  view 
of  the  energy  involved,  the  activities  of  animals,  and  probably  also  of 
plants,  can  be  explained  by  applying  purely  physical  and  chemical 
principles. 

No  real  parallel  to  metabolism  is  known  to  occur  in  the  inorganic 
world.  Although  inorganic  materials  may  be  built  up  and  more  complex 
substances  formed  (as  appears  to  be  the  case  in  the  formation  of  rocks), 
and  these  materials  may  be  broken  down  and  oxidized  (as  also  occurs 
in  rocks),  the  processes  when  they  occur  in  nonliving  things  are  not 
organized  as  in  the  metabolism  of  animals  and  plants. 

D.  RESPONSE  TO  CHANGES  IN  THE  ENVIRONMENT 

Two  features  stand  out  in  the  relations  of  organisms  to  their  environ¬ 
ments.  One,  which  is  known  as  adaptation,  is  of  a  more  or  less  permanent  r 
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character  and  concerns  the  suitability  of  the  structure  of  the  body  and  the 
functioning  of  the  organs  to  the  particular  conditions  under  which  the 
organism  lives.  The  other,  known  as  irritability,  involves  the  more  or  less 
immediate  reactions  of  the  organism  to  changes  in  the  emironment. 

(1)  ADAPTATION 

In  order  to  live  successfully  a  plant  or  animal  must  fit  its  surroundings. 
The  various  parts  and  organs  of  its  body  must  be  able  to  carry  out  their 
functions  under  the  conditions  which  the  environment  presents.  Or¬ 
ganisms  tend  on  the  one  hand  to  seek  out  environments  which  are 
suited  to  their  particular  modes  of  life  and  characteristics,  and  on  the 
other  hand  there  is  evidence  that  they  may  gradually  become  modified 
to  suit  a  particular  environment. 

The  different  species  of  plants  and  animals  differ  from  each  other  in 
their  adaptations.  Indeed  it  is  probably  more  correct  to  say  that  the 
species  differ  because  they  are  adapted  to  different  modes  of  life  and 
different  conditions.  In  the  living  world  structure  and  function  go  hand 
in  hand  and  plants  or  animals  even  of  the  same  species  which  have 
adopted  different  modes  of  life  show  structural  ditfercnces.  The  adapta¬ 
tions  of  organisms  may  be  grouped  according  to  the  vital  activities  with 
which  they  arc  concerned,  as  follows:  capture  and  utilization  of  food, 
respiration,  adjustment  to  physical  and  chemical  surroundings,  locomo¬ 
tion,  protection  against  enemies,  and  repnxliietion. 

An  organism  must  be  able  either  to  utilize  the  food  materials  in  its 
immediate  surroundings  or  possess  the  means  to  search  for  and  obtain 
those  which  it  is  able  to  utiliz('.  A  gn'en  plant  can  obtain  all  that  it  re¬ 
quires  from  the  atmosphere  and  the  soil.  This  it  is  able  to  do  because'  of 
its  leaves  and  roots.  A  horse  can  exist  on  gra.ss  bec.iusi'  its  teeth  and  jaws 
arc  adapted  to  grazing  and  its  dig('Stive  .system  to  that  kind  of  diet.  A 
hawk,  on  the  other  hand,  is  adaj)ted  to  eat  llesh  by  having  long  talons 
and  a  sharp  beak  to  catch  its  pn'y. 

A  fish  taken  out  of  water  .soon  dies.  It  becomes  asphyxi. U('d,  lor  whiU' 
its  respiratory  organs,  consisting  of  mouth  and  gills,  are'  adapte'd  to  take' 
di.s.solved  oxygen  out  of  the  wate'r,  the'y  are  unsuit<il)l('  lor  ab.soibing 
oxygen  from  the  air.  Ouite  the  re'verse  is  tlu'  ease'  with  .i  man,  lor  hi'< 
lungs,  although  admirably  a(laj)te(l  to  bre'.ulu'  .lir,  ('c'ase'  to  luiu'tion 
when  hlled  with  water.  Resj)iratory  ad.iptations  also  occur  in  man\ 
plants.  The  dark  oval  marks  so  ('onspicuous  on  the'  trunk  and  l-raiu'lH's 
of  th(‘  white  birch  surround  respiratory  ope'ihngs  ('alh'el  lenticcls  i  1  ig. 
15:10)  by  whi('h  air  ('an  j)a.s.s  into  the  living  cells  which  lie*  unde'r  tlu' 
bark. 
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Life  in  water  has  necessitated  many  adaptations.  Most  marine  animals 
are  unable  to  live  in  fresh  water.  The  first  fishes  presumably  evolved 
in  the  sea.  Later  some  of  these  took  to  fresh  water.  When  they  did  so 
the  species  had  to  become  adapted  to  the  lack  of  salt  in  the  fresh  water. 
Most  plants  are  very  sensitive  to  water.  Some  plants  live  only  in  water, 
others  only  on  land  in  humid  climate,  while  others  require  a  dry  climate. 
These  different  requirements  arc  reflected  in  the  structure  of  their  leaves 
and  roots. 


Fig.  2:13  A  Venus’ s-flytrap  (Dionaea)  taken  in  the  act  of  catching  and  digesting  a  fly. 
Sequence  of  photographs  reproduced  by  permission  of  General  Biological  Supply  House, 
Inc. 

Locomotion  has  brought  about  many  of  the  most  conspicuous  of 
animal  adaptations.  Vertebrates  which  live  in  water,  whether  they  be 
fishes,  turtles,  birds  like  the  penguin,  or  mammals  like  the  whale,  tend 
to  have  appendages  which  are  finlike  in  external  appearance  and  in 
function,  although  in  their  internal  structure  they  conform  to  that  of  the 
group  to  which  they  belong.  In  flying  vertebrates,  whether  they  be  fly¬ 
ing  fishes,  flying  reptiles,  birds,  or  bats  (which  are  mammals),  the  fore 
limbs  take  the  form  of  wings.  Running  animals  have  long  slender  legs, 
as  in  the  ostrich,  the  horse,  and  the  antelope.  The  list  could  be  extended 
with  many  other  examples  of  adaptation  in  the  locomotor  organs  of 
animals. 

Some  of  the  greatest  hazards  which  living  things  encounter  are  changes 
in  their  physical  environment.  This  is  specially  the  case  in  organisms 
which  live  on  land,  or  those  which  live  on  the  seashore  between  low  and 
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high  tide,  or  in  bodies  of  fresh  water  which  dry  up  during  certain  sea¬ 
sons.  Many  animals  protect  themselves  from  changes  in  the  environment 
(and  from  their  enemies)  by  burrowing;  others  develop  shells,  scales, 
feathers,  or  hair. 

Nearly  every  plant  or  animal  has  its  enemies.  ‘‘Enemies”  is  perhaps  not 
a  very  apt  word  in  this  case  since  the  destruction  of  one  wild  animal  or 
plant  by  another  is  rarely,  if  ever,  accompanied  by  the  feelings  which  we 
associate  with  the  word  “enemy.”  An  organism’s  enemies  are  those 


Fig.  2:13  Continued. 

animals  or  plants  which  feed  upon  it.  'To  j)rotcct  tlu'insclvcs  from  being 
eaten,  many  {)lants  have  developed  thorns,  olfensiv{'  odors  or  tastes,  and, 
in  some  cases,  poisons.  Tor  similar  rea.sons,  animals  have'  develojxxl  shells 
and  scales,  sf)ines,  and  otlx'r  protective  armor.  .V  curious  kind  ol  adapta¬ 
tion  is  the  protective  coloring  of  many  animals,  which  may  make  them 
almost  indistinguishable  from  their  surroundings. 

(2)  IRRITABILITY 

Irritability  is  the  ('apac’ity  to  r(\s|)ond  to  a  stimulus.  .\  stimulus  is  a 
mor(‘  or  less  rapid  ehang(‘  in  some  leaturc*  ol  tin*  cMi\'ironment,  such  as  a 
chang(‘  in  the  intensity  or  direction  of  the  light,  in  tlu'  t(‘mperature,  in 
the  pr(‘ssur<‘  on  the  surlac'e  ol  th(‘  body,  or  in  tlu'  chemical  ('om|)osition 
of  th(‘  at mos|)h('r(‘  or  water  in  whi('h  the  plant  or  animal  li\'(\s.  1  liiis  tlu' 
specialized  leaves  of  the  |)lant  naiiK'd  tin*  \’(‘nus\s-llytra|),  wlu'n  touelu'd 
by  an  insec  t,  come  together  and  enclose'  it  in  a  traj)  (lug.  2:13b  Tlu' 
stimulus  does  fiot  provide  the'  energy  lor  the  I'cac'tion:  it  mere'K  starts 
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it  off  as  a  trigger  starts  the  explosion  in  a  gun.  lo  take  another  example*: 
A  blow  which  knocked  a  man  down  would  not,  according  to  this  defini¬ 
tion,  be  a  stimulus,  since  it  provided  the  energy  for  the  movement.  On 
the  other  hand,  the  slight  tap  just  under  the  knee  which  makes  any  nor¬ 
mal  individual  respond  with  a  violent  kick,  known  as  the  knee  jerk,  is  a 
true  stimulus. 

Under  the  stimulus  of  light,  vast  numbers  of  insects  may  collect  about 
a  street  lamp  on  a  summer  night.  Many  plants  turn  toward  the  direction 
of  greatest  light  intensity  (Fig.  16:6),  and  if  this  direction  changes  the 
plant  will  continue  to  turn  toward  it.  Some  of  the  reactions  of  Hydra  have 
already  been  mentioned.  Earthworms  and  many  other  animals  shun 
the  light  of  day  and  come  out  of  their  hiding  places  only  at  night.  The 
above  plants  and  animals  are  without  special  organs  for  receiving  light 
stimuli,  but  many  animals  have  developed  special  organs,  usually  re¬ 
ferred  to  as  eyes,  for  the  better  reception  of  light.  Man  is  particularly 
dependent  upon  light  stimuli  for  information  regarding  the  external 
world,  and  his  movements  arc  often  largely  dependent  upon  what  he  secs. 

Changes  in  temperature  affect  all  organisms.  Plants  arc  particularly 
sensitive  to  such  changes.  With  the  warmth  of  spring  seeds  germinate 
and  buds  burst  open.  The  coming  of  the  cold  winter  stimulates  earth¬ 
worms  to  burrow  below  the  frost  line  and  bears  to  seek  out  their  dens, 
while  the  warmth  of  spring  stimulates  them  to  come  out  again.  In  our 
own  skin  are  special  sense  organs  for  detecting  changes  in  temperature, 
and  the  hand  or  foot  is  quickly  withdrawn  from  a  hot  object. 

Response  to  pressure  is  shown  by  almost  all  living  things.  It  is  well 
seen  in  climbing  plants  which  wind  their  stems  round  the  trunks  of  trees 
or  attach  their  tendrils  to  rocks  and  stones.  Touch  a  hydra  and  it  con¬ 
tracts  into  a  rounded  mass.  Special  organs,  such  as  feelers  and  tentacles, 
have  been  developed  by  many  animals,  notably  those  which  live  and 
are  active  in  the  dark. 

The  response  to  sound  is  in  reality  a  refinement  of  the  response  to 
pressure,  since  sound  waves  are  actually  waves  of  increasing  and  decreas¬ 
ing  pressure.  The  stimulus  of  sound  often  causes  animals  to  move  away. 
The  barking  of  dogs,  the  songs  and  calls  of  birds,  and  the  chirping  of 
insects  act  as  stimuli  to  their  fellows  and  serve  like  a  primitive  form  of 
speech  to  warn  of  danger  or  tell  of  the  presence  of  food.  Special  organs  for 
detecting  sounds  occur  in  many  insects  and  most  vertebrates. 

The  roots  of  plants  are  especially  sensitive  to  chemical  substances 
in  their  surrounding,  turning  and  growing  toward  some  and  away  from 
other  substances.  Responses  to  chemical  stimuli  are  often  associated  with 
feeding.  Some  confusion  exists  in  the  use  of  the  words  “smell”  and 
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“taste.”  In  general  “smell”  is  used  when  the  substance  comes  to  the 
animal  in  the  form  of  a  vapor  or  minute  particles,  while  “taste”  is  used 
when  the  substance  comes  to  the  animal  either  as  a  liquid  or  dissolved 
in  a  liquid;  but  frequently  the  distinction  is  not  clear,  since  a  substance 
to  act  as  a  chemical  stimulus  must  usually  be  dissolved  before  it  can 
affect  protoplasm.  Some  animals  have  the  chemical  sense  widely  distrib¬ 
uted  over  the  surface  of  their  bodies,  as  in  Hydra.  Chemical  stimuli  are 
of  great  importance  in  the  internal  adjustment  of  the  body.  Thus  the 
rate  of  breathing  is  largely  controlled  by  the  amount  of  carbon  dioxide 
in  the  blood. 

The  response  of  an  organism  to  a  stimulus  differs  depending  on  the 
stimulus  and  condition  of  the  organism.  Movement  has  already  been 
mentioned  many  times.  Glands  respond  by  pouring  out  their  secretions. 
Food  taken  into  the  mouth,  or  even  the  odor  of  food,  causes  a  flow  of 
saliva;  and  as  food  passes  down  the  alimentary  tract  various  glands 
respond  with  other  secretions  or  “juices”  which  bring  about  the  digestion 
of  the  various  food  substances. 

Through  the  mechanism  of  stimulus  and  response,  with  the  stimulus 
acting  directly  on  the  living  material  or  through  the  intermediary  of 
nerves  or  internal  secretions,  the  activities  of  even,’  organ  are  coordinated 
and  controlled  by  the  activities  of  ev^ry  other  organ.  This  offers  a  partial 
explanation  of  why  the  organism  behaves  as  a  unit  and  not  as  a  mere 
collection  of  parts. 

To  find  a  parallel  in  the  inorganic  world  to  the  response  to  stimuli  so 
characteristic  of  organisms,  one  must  turn  either  to  man-made  inaehines 
or  to  those  physical  or  chemical  reactions  which  dcj^end  upon  a  more  or 
less  sudden  release  of  energy  in  response  to  a  slight  change,  known  as 
trigger  reactions.  In  the  case  of  the  machine  it  should  be  noted  that,  as 
explained  in  the  section  on  organization,  we  eventually  come  back  to  the 
human  organism.  An  exainj:)le  of  a  trigger  reaction  occurs  when  a  charge  of 
dynamite  is  fired  by  a  fuse.  I’he  chemical  energy  present  in  the  dynamite 
is  suddenly  set  off.  Here,  however,  the  reaction,  which  is  the  (wplosion, 
simply  goes  to  an  end.  ITh' dynamite  as  such  disappears  and  there  is  no  re¬ 
turn  to  the  original  condition.  Animals  and  plants  liav(‘  the  power  of  auto¬ 
matically  restoring  themselves  to  tlnar  original  condition  after  a  response'. 

E.  HOW  ORGANISMS  ARISE 

It  is  common  knowh'dge*  that  |)lants  and  animals  re|)roduce  their 
kind.  Ihit  it  was  not  always  known  that  living  things  arise  only  from 
other  previously  existing,  living  tilings. 
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(1)  CONTINUITY  OF  LIFE 

There  is  a  famous  quotation  from  Aristotle  (384-322  b.c.)  which 
describes  how  many  insects  are  “not  derived  from  living  parentage, 
but  are  generated  spontaneously,  some  out  of  dew  falling  on  leaves 
ordinarily  in  springtime,  but  not  seldom  in  winter  when  there  has  been 
a  stretch  of  fair  weather  and  southerly  winds.”  Even  as  late  as  the  seven¬ 
teenth  century  there  were  current  many  fantastic  accounts  of  spontane¬ 
ous  generation,  and  today,  from  time  to  time,  one  secs  in  the  daily  press 
accounts  of  rains  of  frogs  and  toads.  Many  schoolboys  believe  that 
horsehairs  falling  in  water  give  rise  to  worms,  and  housewives  not  un¬ 
commonly  affirm  that  maggots  arise  directly  from  decaying  meat. 

That  maggots  do  not  arise  spontaneously  in  meat  but  from  eggs  laid 
on  it  was  proved  by  Francesco  Redi  in  1668.  The  experiment  has  already 
been  referred  to  briefly  in  Chap.  1,  sec.  1.  Redi  placed  three  jars  con¬ 
taining  fresh  meat  near  a  window.  One  of  the  jars  was  left  uncovered, 
a  second  was  covered  with  gauze,  and  the  third  with  parchment.  In  each 
of  the  jars  the  meat  decayed  but  maggots  developed  only  in  the  jar  which 
was  left  uncovered.  Eggs  were  laid  on  the  gauze  covering  the  second  jar 
but  no  eggs  were  laid  on  the  parchment.  Redi  concluded  that  since 
maggots  developed  only  where  the  flics  had  free  access  to  the  meat,  they 
could  come  only  from  eggs  laid  by  the  flies.  Further  he  argued  that  since 
the  odor  of  the  decaying  meat  could  pass  through  the  gauze  but  did  not 
pass  through  the  parchment,  the  flies  when  about  to  lay  their  eggs  were 
attracted  by  the  odor  of  the  decaying  meat. 

That  microorganisms  such  as  bacteria  do  not  arise  spontaneously  was 
shown  by  Louis  Pasteur.  Bacteria  are  frequently  grown  or  “cultivated” 
in  beef  broth,  which  is  really  nothing  more  than  what  is  served  at  the 
dinner  table  under  the  name  of  consomme.  In  making  it,  water,  in  which 
beef  has  been  boiled  or  to  which  beef  juice  has  been  added,  is  Altered  to 
obtain  a  clear  liquid.  It  is  common  knowledge  that  if  this  liquid  is  kept 
for  a  few  days  at  ordinary  room  temperature  it  will  putrefy.  The  putre¬ 
faction  causes  the  liquid  to  become  cloudy  and  to  give  ofT  an  oflfensivc 
odor.  It  was  known  in  Pasteur’s  time  that  these  changes  were  always 
accompanied  by  the  presence  of  numerous  bacteria  and  the  belief  was 
current  that  the  bacteria  arose  spontaneously  in  the  broth.  Pasteur  dis-  il 
proved  this  in  a  famous  experiment.  He  boiled  beef  broth  in  a  glass  I 
vessel  which  was  open  to  the  outside  air  only  through  a  long,  fine,  curved  J 
tube,  which  was  bent  in  the  form  of  a  U.  When  the  vessel  and  its  con-  I 
tents  were  allowed  to  cool  after  boiling,  a  small  portion  of  the  liquid  * 
condensed  in  the  U  and  formed  a  seal  preventing  the  access  to  the  liquid  ■ 
of  any  particles  carried  in  the  air  (Fig.  2:14).  Pasteur  found  that  even  ^ 
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after  a  long  time  no  evidence  of  bacteria  or  other  growth  appeared  in 
the  boiled  broth.  In  order  to  prove  that  boiling  in  a  partly  closed  glass 
vessel  did  not  make  the  broth  unfit  for  the  growth  of  bacteria,  Pasteur 
broke  off  the  fine  glass  tube  giving  the  air  and  its  contained  dust  access 
to  the  broth  and  found  that  bacterial  putre¬ 
faction  set  in.  In  performing  the  experiment 
today  we  would  use  a  plug  of  absorbent  cot¬ 
ton  in  place  of  the  fine  tube.  We  now  know 
that  bacteria  are  carried  in  the  air  in  the  form 
of  spores  which  germinate  when  provided  with 
the  proper  conditions,  for  example,  when  they 
fall  into  beef  broth. 

These  experiments,  which  are  negative  so 
far  as  spontaneous  generation  is  concerned, 
have  nevertheless  been  of  the  greatest  im¬ 
portance  to  science.  They  laid  the  foundation 
for  all  subsequent  work  in  bacteriology  and 
its  related  sciences.  However,  there  always  remains  the  possibility  that 
some  condition  not  present  in  the  experiment  might  give  rise  to 
some  primitive  form  of  life.  Indeed  it  is  generally  believed  that  life  must 
have  arisen  somewhere  at  some  time  and  a  number  of  theories  have  been 
advanced  to  account  for  its  origin. 

(2)  REPRODUCTION 

It  is  obvious  that  if  any  species  is  to  maintain  its  existence  it  must 
possess  the  means  of  replacing  by  new  individuals  those  lost  by  death. 
As  was  illustrated  in  the  case  of  Hydra  and  Spirorijra  this  process  of  term¬ 
ing  new  individuals,  called  reproduction,  takes  two  forms  known  as 
asexual  and  .sexual  rej)roduction. 

In  asexual  reproduction,  which  is  the  simpler,  the  new  indi\'idual 
arises  from  a  |)art  of  an  okh'r  individual.  The  part  may  be  a  single  cell, 
as  in  th(!  ca.se  of  (he  sj)or(‘s  formed  on  the  under  side  of  fern  leaves,  a 
considerable  part  of  a  plant  or  animal,  as  in  (he  case  of  (he  tubers  formed 
by  (he  j)otato,  or  (Ik*  whole  organism  may  divide  into  (wo  or  more  ecpial 
parts,  as  is  .sometimes  the  case  in  the  lower  phmts  and  animals  and  has 
already  been  n'lernxl  to  in  Hydra. 

In  sexual  reproduction  two  c(‘lls  unite'  to  form  a  single  cell  and  from 
th(!  single  cell  a  new  individu.il  dc've'lops.  In  most  plants  and  animals 
th(‘  reproductive  ('ells  are  diUc'rc'ut i.itc'd  into  siK'i  in  and  ('ggs  as  in  Hydra. 
Sj)erm  are  usually  minute,  a('tiv('ly  motih'  ('('11s,  while  tlu'  ('ori'e'spoiul- 
ini',  ('gg  ('('lls  are  usually  nonmotih'  and  much  larg('r,  due'  to  tlu'  storage' 


Fig.  2:14  Pasteurs  experi¬ 
ment  disproving  the  spon¬ 
taneous  generation  of  the 
bacteria  of  fermentation. 
From  L.  L.  Woodruff,  Animal 
Biology,  The  Macmillan  Com¬ 
pany. 
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of  food  materials  for  the  new  individual.  Generally  the  eggs  and  sperm 
are  formed  in  different  individuals.  An  individual  which  produces  sperm 
is  called  a  male,  while  an  individual  which  produces  eggs  is  called  a 
female. 

One  may  ask,  Why  this  complicated  sexual  process  when  new  individ¬ 
uals  can  be  produced  simply  and  abundantly  by  asexual  reproduction? 
The  answer  is  to  be  found  in  the  fact  that  the  sexual  method  of  repro¬ 
duction  ensures  something  more  than  mere  propagation.  In  the  case  of 
the  asexual  method  the  individuals  that  are  formed  are  exactly  like  the 
parent  individual,  being,  in  fact,  only  pieces  of  it  which  have  separated 
off  and  undertaken  an  independent  existence.  In  the  case  of  the  sexual 
method  the  offspring  is  an  essentially  new  individual,  having  arisen 
from  the  union  of  two  cells  from  two  different  parents,  both  of  which 
have  transferred  characters  to  it  through  these  cells.  In  providing  new 
individuals,  usually  different  from  either  of  the  parents,  sexual  repro¬ 
duction  provides  the  raw  material  for  evolution.  Exactly  how  sexual 
reproduction  leads  to  the  production  of  new  individuals  is  discussed  in 
Chap.  37,  “The  Physical  Basis  of  Heredity.” 
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Questions 

1 .  Develop  the  idea  of  organization  and  apply  it  to  Spirogyra  and  Hydra. 

2.  In  what  respects  does  the  growth  of  a  plant  like  Spirogyra  or  an  animal  like 
Hydra  differ  from  the  growth  of  a  crystal? 

3.  What  part  do  the  cells  play  in  the  growth  and  differentiation  of  an  organism? 

4.  What  processes  are  included  in  metabolism  and  what  two  forms  does  it  take? 


QUESTIONS  57 

5.  Discuss  whether  it  is  necessary  to  assume  some  extra -physical  source  for 
the  energy  utilized  by  plants  and  animals. 

6.  Give  examples  of  adaptation  based  on  your  own  observations  of  plants  and 
animals. 

7.  Explain  clearly  what  is  meant  by  a  stimulus,  giving  examples. 

8.  What  is  meant  by  the  continuity  of  life?  Discuss  the  experimental  evidence 
for  this. 

9.  What  two  forms  does  the  process  of  reproduction  take  in  plants  and  animals 
and  how  do  they  differ  in  {a)  method,  {b)  results? 
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The  Classification  of  Plants  and  Animals 


From  the  earliest  times  man  has  been  impressed  by  the  multitude  of 
living  things  and  by  their  great  variety.  Why  should  life  take  on  so  many 
forms?  Why  should  there  be  so  many  different  kinds  of  trees,  flowers, 
insects,  fishes,  and  birds?  The  answer  is  to  be  found  in  the  adaptation  of 
each  organism  to  the  particular  conditions  of  its  environment.  Organ¬ 
isms  differ  in  size,  color,  shape,  internal  structure,  and  mode  of  life  be¬ 
cause  their  environments  are  different;  and  to  a  certain  extent  it  may  be 
said  that  they  live  in  different  environments  because  they  differ  in  size, 
color,  shape,  internal  structure,  and  mode  of  life.  The  variety  of  external 
and  internal  structure  which  organisms  show  is  due  to  the  variety  of 
conditions  which  exist  in  the  world  and  to  the  way  in  which  each  organ¬ 
ism  becomes  adapted  to  the  special  conditions  which  it  encounters. 
Some  of  these  special  conditions  may  be  due  to  other  organisms  —  for 
example,  those  upon  which  it  feeds  or  those  which  feed  upon  it. 

1.  STRUCTURE  AND  ADAPTATION 

An  organism  may  be  regarded  as  showing  a  certain  structural  type. 
Thus  a  frog  (Fig.  27:1)  shows  the  structural  type  of  a  backboned  animal 
or  vertebrate,  and  a  lobster  (Fig.  23:1)  or  a  bee  (Fig.  23:20)  shows  the 
structural  type  of  an  arthropod.  This  does  not  imply  that  it  was  built 
from  a  blueprint  like  a  modern  house  or  automobile,  but  rather  that 
its  organs,  tissues,  and  cells  show  certain  structural  relationships  which 
are  found  not  only  in  the  particular  species  but  in  other  similar  species, 
indeed  in  all  the  organisms  which  conform  to  the  type.  Again,  there  is 
the  type  of  the  seed-bearing  plants  with  their  roots,  stem,  leaves,  flowers, 
and  seed ;  the  structural  type  of  the  ferns  and  their  relatives  with  fronds, 
simpler  stems,  and  spores  borne  on  the  fronds;  and  the  simple  type  of 
many  water  plants  which  consist  of  aggi'egates  of  undifferentiated  cells. 

The  structural  type  of  the  vertebrates  (Fig.  26:1)  involves,  among 
other  features,  an  internal  skeleton  consisting  of  a  skull  and  vertebral 
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column  or  backbone  which  serves  as  a  framework  to  which  muscles  and 
ligaments  are  attached  on  the  outside  of  the  bones  and  as  a  protection 
for  the  brain  and  spinal  cord;  respiratory  organs  consisting  of  gills  or 
lungs  which  are  connected  with  the  mouth  through  the  pharynx;  a 
digestive  tract  or  alimentary  canal  including  a  stomach  and  intestine;  a 
liver;  kidneys;  and  a  heart  situated  on  the  ventral  or  under  side  of  the 
body.  How  the  structure  of  these  various  organs  is  suited  to  the  functions 
which  they  perform  is  discussed  in  the  part  of  this  text  dealing  with 
comparative  anatomy. 

Another  type  is  that  of  the  jointed-legged  animals  (phylum  Arthro- 
poda)  which  includes  the  lobster  (Fig.  26:1).  Here  the  skeleton  takes  the 
form  of  a  hard  outer  covering,  composed  of  a  substance  called  chi  tin,  which 
contains  and  protects  the  soft  parts  of  the  body.  Parts  of  this  chitinous 
covering,  especially  between  the  segments  of  the  body  and  in  the  legs, 
are  jointed  to  permit  movement.  In  this  type  of  animal  the  muscles  are 
attached  to  the  inside  surfaces  of  the  parts  of  the  skeleton.  With  this  type 
of  skeleton  is  associated  a  certain  type  of  nervous  system  which  consists 
of  a  number  of  separate  groups  of  nerve  cells  on  the  under  side  of  the 
body,  while  the  heart  is  found  on  the  upper  side. 

The  structure  of  a  mollusk,  such  as  the  clam,  is  again  different.  Here 
the  skeleton  consists  of  a  hard  outer  shell  into  which  the  animal  may 
withdraw  its  soft  body.  The  internal  structure  of  this  .soft  body  again 
differs  in  the  arrangement  and  structure  of  the  separate  organs  from 
either  of  the  two  types  above.  In  a  segmented  worm  (Fig.  22:2),  such 
as  the  earthworm,  the  body  is  divided  into  a  series  of  segments,  nearly 
every  one  of  which  is  supplied  with  a  nearly  comj:)lete  set  of  vegetative 
organs.  In  the  radiate  tyj)e  .se('n  in  the  starfish  (Fig.  25:9)  and  its 
relatives  the  organs  are  arranged  in  (he  form  of  a  live-pointed  star  and 
the  locomotor  organs  consist  of  numerous  peculiar  tube  feet  which  adhere 
by  suction  to  foreign  objects  and  pull  (he  animal  along.  One  ol  the  sim¬ 
plest  types  involving  more  (han  a  singh*  cell  is  that  of  jellyfish  (Fig.  19:5) 
and  sea  anemones  (Fig.  19:7),  which  are  .scarcely  more  (han  sacs  sur¬ 
rounding  a  digestive  eavi(y. 

The  mere  act  of  living  imposc's  rer(ain  r(‘s(rie(ions  on  (he  structure  ot 
organisms.  Oertain  organs  ar(‘  <\ss(‘n(ial  and  (he.se  organs  must  be  located 
in  the  animal  or  plant  in  a  |)osi(ion  wlu'n*  they  can  carry  out  their  func¬ 
tions.  Thus  the  leaves  of  a  |)lan(  must  be  (‘xposed  to  the  air  and  sun  il 
they  are  elfectively  to  carry  on  |)ho(osyn(h(‘sis ;  and  (he  roots,  il  they  arc 
to  absorb  water  from  the  soil,  must  be  in  the  ground.  Fhe  digestive 
organs  of  an  animal  must  be  connected  directly  or  indirectly  with  its 
mouth;  respiratory  organs  must  communicate  with  the  air  or  water  in 
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which  the  animal  lives;  muscles  must  be  connected  with  the  structures 
they  move;  if  there  is  a  central  nervous  system  it  must  be  connected  with 
the  other  organs  of  the  body,  both  sensory  and  motor,  and  for  its  best  ; 
functioning  it  must  be  protected  from  the  direct  efTects  of  the  environ-  < 
ment.  ’ 

Although  there  are  over  a  million  different  species  of  plants  and  i 
animals  the  number  of  fundamentally  different  types  is  probably  not  | 
more  than  twenty.  These  fundamental  types  are  used  by  biologists  as  a  | 
basis  for  the  classification  of  plants  and  animals  into  major  groups  or 
phyla  (singular,  phylum).  ) 

When  these  major  groups  are  studied  in  detail  it  is  found  that  the 
fundamental  type  of  structure  differs  in  detail  in  particular  cases,  pro¬ 
ducing  the  characteristics  of  smaller  groups  and  that  these  differences 
consist  in  the  main  of  adaptations  to  the  environment  or  mode  of  life 
of  the  particular  group.  The  principle  may  be  illustrated  in  the  verte¬ 
brates.  These  backboned  animals  all  conform  to  the  same  fundamental 
structural  type.  However,  this  differs  in  detail  in  the  different  groups  of 
vertebrates  which  are  recognized  as  fishes,  amphibians,  reptiles,  birds, 
and  mammals.  In  fishes  the  appendages  take  the  form  of  fins  which 
are  adapted  to  locomotion  in  water.  In  mammals,  Vv^hich  are  typically 
terrestrial  animals,  the  appendages  take  the  form  of  legs  adapted  for 
walking  and  running.  In  birds,  on  the  other  hand,  the  fore  limbs  take 
the  form  of  wings  adapted  for  flight.  In  all  of  these  groups  there  are 
typically  two  pairs  of  appendages,  and  the  bones  and  muscles  of  the 
corresponding  pairs  conform  to  a  certain  fundamental  plan  of  structure 
which  is  that  of  a  vertebrate.  Other  differences  between  these  groups, 
such  as  the  shape  of  the  body  or  the  possession  of  scales,  hair,  or  feathers, 
also  suggest  themselves  as  modifications  of  the  general  plan  which  is, 
however,  always  present  in  its  main  outlines.  The  differences  may  be  of 
such  a  nature  as  to  cause  considerable  variation  from  the  type.  Thus  the 
respiratory  organs  of  fishes  are  gills  adapted  for  breathing  in  water, 
while  those  of  mammals  are  lungs  adapted  for  breathing  air,  and  those 
of  birds  include,  besides  lungs,  air  sacs  extending  into  various  parts  of  the 
body,  increasing  their  efficiency  and  making  the  animal  lighter.  Or,  the 
modifications  may  be  less  fundamental,  such  as  those  which  distinguish 
a  mammal  like  a  rabbit  —  which  has  large  chisel-like  front  teeth  for 
gnawing  and  a  digestive  system  adapted  to  a  vegetable  diet  —  from  a 
flesh-eating  mammal  like  the  cat,  which  has  sharp  claws  and  teeth 
adapted  to  catching  its  prey  and  the  digestive  system^  of  a  flesh  eater. 

Adaptation  sometimes  brings  about  external  resemblances  between 
animals  which  differ  fundamentally  in  structure.  A  hummingbird  and 
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a  sphinx  moth  look  much  alike  as  each  hovers  over  a  flower  and  sucks 
nectar.  Yet  the  hummingbird  is  covered  with  feathers,  has  lungs,  a 
true  brain,  and  a  spinal  cord  on  the  upper  side  of  its  body  —  in  short 
has  the  structural  plan  of  a  backboned  animal,  while  the  sphinx  moth 
has  an  external  skeleton  of  chitin,  breathes  by  means  of  numerous  fine 
air  tubes,  has  a  central  nervous  system  consisting  of  ganglia  or  solid 
groups  of  nerve  cells  on  the  under  side  of  its  body  —  in  short  the  struc¬ 
tural  plan  of  an  insect. 

2.  EVOLUTION 

Science  has  been  defined  as  the  attempt  to  find  order  and  reason  in 
the  universe.  In  the  living  world  this  attempt  to  find  order  and  reason 
is  expressed  in  the  theory  or,  better,  the  principle,  of  evolution.  It  is  the 
only  principle  yet  advanced  which  satisfactorily  accounts  for  the  varied 
forms  which  life  has  taken  on  this  globe.  We  are  concerned  at  this  stage 
merely  with  getting  a  clear  idea  of  what  the  term  “evolution”  means, 
rather  than  with  proving  that  it  occurs.  The  evidences  for  the  occurrence 
of  evolution  will  be  discussed  in  a  later  chapter  after  the  necessary  factual 
foundations  have  been  laid.  Unfortunately  the  human  implications  of 
the  principle  have  overshadowed  all  others  in  the  popular  mind,  and  the 
term  has  come  to  mean  for  many  laymen  little  more  than  the  rather 
misleading  idea  that  man  was  descended  from  a  monkey.  Consequently 
many  otherwise  intelligent  people  fail  to  appreciate  its  true  significance. 
It  will  help  toward  a  clearer  understanding  of  the  meaning  of  the  term 
“evolution”  if  we  endeavor  for  the  moment  to  forget  its  human  implica¬ 
tions  and  try  to  be  impartial  and  objective.  Ex})re.ssed  in  a  simple  way, 
evolution  means  only  that  everywhere  in  tlie  universe,  in  the  inanimate 
and  the  animate  worlds,  there  exists  a  gradual  and  unending  process  of 
change  leading  to  the  continuous  unfolding  of  new  things,  and  that  such 
new  things,  be  they  inanimate  or  animate,  can  arise  only  from  things 
which  preceded  them.  Viewed  in  this  way  (‘volution  is  really  a  long  con¬ 
tinued  story  —  the  story  of  a  drama  full  of  action,  pathos,  and  tragedy. 
Important  events  in  the  drama  were  the  birth  of  our  sun  as  one  of  the  chil¬ 
dren  of  a  great  Sj)iral  nebula,  tlu‘  forming  of  our  little  planet  as  a  child 
of  this  sun,  on  it  the  birth  of  life  awakened  from  lifeless  inorganic  matter 
by  the  radiant  (‘nergy  of  its  pan'iit  sun,  and  then  millic^ns  of  years  after, 
the  coming  of  the  higlu'r  j)lants  and  animals,  one  form  siu'ccH'ding 
another,  changing  with  (he  changing  face  of  the  earth  and  contributing 
its  share*  (o  (lu*  gr(*a(  w('b  of  lile  which  c'ove'rs  (lu*  |)lan('t. 

Postponing  for  (In*  j)r(*S('n(  any  discussion  of  (lu*  origin  of  lile,  we  are 
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Fig.  3:2  Diagrammalic  rc|)rcscntalion  of  evolution  in  animals. 
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here  concerned  particularly  with  organic  evolution  or  the  evolution  of 
living  things.  This  can  be  illustrated  by  a  tree  —  a  tree  of  life.  I'he  stem 
where  it  leaves  the  ground  represents  the  most  primitive  organisms,  or 
the  origin  of  life  in  the  distant  past,  perhaps  a  thousand  million  years 
ago.  As  the  stem  leaves  the  ground  it  divides  into  branches.  These 
branches  represent  the  origin  of  new  and  more  complex  forms  from 
earlier  and  simpler  forms.  As  time  goes  on  and  the  tree  ascends,  these 
early  branches  in  turn  divide,  and  the  early  forms  give  rise  to  other 
slightly  more  highly  organized  forms,  and  so  on  until  the  ends  of  the 
branches  are  reached.  Thus  the  tips  of  the  branches  represent  the  species 
living  at  the  present  time,  and  the  older  branches  represent  species  which 
existed  on  the  earth  in  earlier  times  from  which  those  now  in  existence 
were  descended  and  so  show  us  the  relationships  between  the  species. 
Probably  the  first  organisms  were  plants,  since  they  must  have  manu¬ 
factured  their  own  food.  Whether  animals  descended  from  plants  or 
arose  independently  is  doubtful.  It  is  simplest,  however,  to  compare 
the  two  great  kingdoms  of  living  things  to  two  separate  trees  (Figs. 
3:1  and  3:2). 

The  tips  of  the  branches,  that  is  the  living  species,  are  available  for 
study  and  from  their  similarities  and  differences  much  regarding  their 
relationships  can  be  concluded,  but  the  actual  branches  of  the  tree  of 
life  which  show  the  real  relationships  are  buried  in  the  past  and  only 
rarely  come  to  view  as  fossils.  It  should  be  noted  that  no  living  species 
can  really  be  regarded  as  the  ancestor  of  another  living  species.  All  that 
we  can  say  is  that  they  had  a  common  ancestor  which  may  or  may  not 
have  resembled  one  of  them  more  than  the  other. 

Just  as  an  individual  is  born,  grows  up,  becomes  mature,  declines  in 
old  age,  and  eventually  dies,  so  whole  groups  of  plants  and  animals  have 
arisen,  evolved,  become  numerous,  declined,  and  eventually  become 
extinct.  A  conspicuous  case  of  this  was  that  of  the  great  dinosaurs  which 
lived  in  the  age  of  reptiles.  Just  what  caused  them  to  become  extinct  is 
not  entirely  clear,  but  one  attractive  theory  is  that  they  became  very 
highly  specialized  and  adapted  to  particular  environmental  conditions, 
and  that  when  these  conditions  changed  they  were  unable  to  change 
with  them.  While  the  general  trend  of  evolution  seems  to  be  ever  on¬ 
ward  to  more  highly  developed  and  more  perfectly  adapted  forms,  there 
are  many  species  and  whole  groups  of  plants  and  animals  which  seem  to 
show  regression,  not,  however,  along  the  path  of  their  earlier  evolution, 
but  rather  along  some  side  track  entailing  the  loss  or  degeneration  of 
organs  or  parts  previously  developed.  An  example  of  this  is  seen  in  ani¬ 
mals,  such  as  the  blind  fishes  and  blind  salamanders  found  in  caves. 
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It  is  known  that  the  ancestors  of  these  animals  had  well-developed  eyes. 
When  the  species  took  to  cave  life  their  eyes  gradually  degenerated. 

The  scientific  basis  for  constructing  a  tree  of  life  will  be  considered 
later  in  this  text.  For  the  present  it  may  be  said  that  it  is  found  in  the 
results  of  careful  studies  of  the  anatomy  and  embryology  of  typical 
plants  and  animals,  and  the  study  of  fossils.  Such  studies  show,  as  pre¬ 
viously  indicated,  that  there  are  approximately  twelve  fundamental 
structural  types  (phyla)  among  animals  and  four,  or  perhaps  more, 
fundamental  structural  types  among  plants.  Differences  in  details  of 
structure  between  the  individuals  of  each  fundamental  type  make  it 
possible  to  recognize  subtypes,  and  by  going  further  and  further  into 
differences  in  detail  to  recognize  smaller  and  smaller  groups  of  animals 
and  plants.  In  general,  the  greater  the  difference  betw^een  tw’o  members 
of  the  same  fundamental  type,  the  earlier  in  the  process  of  evolution  must 
these  differences  have  arisen.  Thus  in  the  vertebrate  phylum  the  differ¬ 
ences  which  led  to  the  separation  and  evolution  of  birds  and  mammals 
must  have  appeared  earlier  than  the  differences  which  led  to  the  sepa¬ 
ration  and  evolution  of  the  gnawing  mammals  and  the  flesh-eating 
mammals. 

3.  THE  ORIGIN  OF  LIFE 

While  the  principle  of  organic  evolution  accounts  for  the  great  va¬ 
riety  of  plant  and  animal  life,  it  makes  no  pretense  at  explaining  the 
origin  of  life  —  how  the  first  living  things  came  into  existence.  The 
practically  continuous  occurrence  of  fossils  in  rocks  of  all  ages,  down  to 
very  early  sedimentary  rocks,  shows  that  life  began  on  the  earth’s  surface 
relatively  early  in  its  history.  Never th(‘less  the  evidence  from  geologs' 
and  astronomy  shows  that  there  probably  was  an  earlier  period  during 
which  life  could  not  have  (‘xisted  on  the  earth's  surface  on  account  of 
its  high  temperature  and  the  nature  of  its  atmosj^hen'.  It  therefore 
seems  clear  that  life  must  eitlu'r  have  come  to  our  earth  from  some  other 
part  of  the  universe*  or  have*  arise'u  de  novo  ujK)n  its  surface. 

We  have*  ne)  e'vidcne'e*  e)f  the*  actual  transjiort  of  any  form  of  living 
matter  te)  e)ur  e*arth  fre)m  (*lse*wh(*r('  in  the*  universe.  T'we)  w<iys  have  be'en 
the)ught  e)f  by  whie  h,  e*onc(‘ival)ly,  e)rganisms  might  be*  transported  to 
the*  earth:  in  the  int(*ri()r  of  m(*t(*e)rs  anel  as  extremely  minute  Ibrms 
prope*lle^el  by  the*  j)i'e*.ssur(*  of  light.  .\ny  eirganism  taking  this  je^urne'y 
would  have  te)  survive*  (*xc(*(*elin{’;ly  low  te*m|)('ratur(*s  for  an  ahne)st  ineleli- 
nit(*ly  long  time*.  'I’Ik*  spor(*s  of  e’(*rtain  l)acte*ria  e  an  survive*  a  temj)er- 
atnre:  appre)aching  that  l)e*le)w  whie'h  ne)  e  lu*mie'al  re*actie)ns  are*  kne)\vn 
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to  take  place,  and  the  spores  of  others  can  endure  a  temperature  as  high 
as  120°  G  for  a  short  time.  At  ordinary  temperatures  the  seeds  of  some 
plants  have  been  found  to  retain  their  vitality  for  nearly  a  hundred 
years.  Whether  any,  even  the  simplest,  organism  could  endure  the  greater 
hardships  of  a  journey  through  interstellar  space  is  doubtful.  In  any 
case,  this  theory,  rather  than  providing  a  solution  of  the  problem  of  the 
origin  of  life,  merely  serves  to  remove  it  to  a  part  of  the  universe  about 
which  we  know  little  or  nothing  and  to  place  it  beyond  the  possibility 
of  solution. 

If  life  began  spontaneously  on  the  surface  of  the  earth,  it  is  certain 
that  the  first  organisms  must  have  been  extremely  simple,  more  simple 
than  any  with  which  we  are  familiar.  We  have  no  evidence  of  how  such 
simple  organisms  may  have  come  into  being,  or  of  how  simple  inorganic 
substances  may  have  combined  together  to  form  the  first  chemical 
compounds  capable  of  absorbing  and  transforming  energy,  or  how  such 
chemical  compounds  may  have  been  united  to  give  the  complex  struc¬ 
ture  of  protoplasm. 

4.  THE  CLASSIFICATION  OF  ORGANISMS 

The  naming  and  classifying  of  organisms  forms  a  special  branch  of 
biology  called  taxonomy  or  systematics.^  Taxonomy  includes,  besides 
the  actual  naming  of  animals  and  plants  and  their  arrangement  in 
groups,  the  discussion  of  the  rules  applied  in  doing  this  and  the  natural 
laws  which  may  be  brought  to  light  in  the  process. 

Until  the  eighteenth  century  the  different  kinds  of  animals  and  plants 
were  designated  by  their  common  or  local  names.  For  the  purposes  of 
exact  and  detailed  studies  such  names  are  not  satisfactory  since :  {a)  the 
same  organism  frequently  receives  different  names  in  different  localities ; 
{b)  the  same  name  is  sometimes  applied  to  different  organisms;  and 
(r)  for  many  organisms  —  and  here  are  included  most  microscopic 
animals  and  plants  and  most  rare  species  —  there  are  no  common  names. 
Taxonomists  now  use  the  binomial  system  of  nomenclature  in  naming 
organisms.  This  system  was  introduced  by  the  Swedish  botanist,  Linnaeus 
(1707-1778).  Each  different  kind  of  organism  is  said  to  belong  to  a 
particular  species  (the  word  is  the  same  in  the  singular  and  plural  and 
the  final  “s”  is  pronounced)  and  like  species  are  grouped  into  genera 
(singular,  genus).  The  name  of  any  particular  animal  or  plant  is  then 

^  “Taxonomy”  (Gr.  taxis,  arrangement  +  nomos,  law)  is  the  more  commonly  used  term 
in  the  United  States,  while  “systematics”  (L.  systema,  a  placing  together)  is  more  commonly 
used  in  other  English-speaking  countries. 
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formed  from  the  generic  and  specific  names  by  placing  the  generic  name 
first  and  following  this  with  the  specific  name.  The  generic  name  is 
capitalized  while  the  specific  name,  except  in  certain  special  cases,  is 
usually  not  capitalized.  Thus  according  to  this  system  the  name  of  the 
domestic  dog  is  Cards  Jamiliaris^  Canis  (L.  dog)  being  the  name  of  the 
genus  and  jamiliaris  (L.  domestic)  being  the  name  of  the  species:  and 
the  name  of  the  white  oak  is  Quercus  alha^  Quercus  (L.  oak)  being  the 
generic  name  and  alba  (L.  white)  being  the  specific  name. 

The  famous  Greek  philosopher  and  scientist,  Aristotle  (384-322  b.c.), 
refers  to  about  500  different  kinds  of  animals  in  his  WTitings.  In  his 
Sy sterna  Naturae^  the  first  edition  of  which  was  published  in  1735,  Linnaeus 
describes  about  4000  species  of  animals.  Recent  estimates  of  the  number 
of  species  of  animals  described  to  date  place  the  number  in  excess  of 
800,000,  or  about  two  hundred  times  as  many  as  were  described  by 
Linnaeus,  and  new  species  are  continually  being  discovered.  Not  only 
are  many  more  species  known  than  in  the  time  of  Linnaeus  but  those 
which  are  known  are  in  most  cases  much  better  known. 

Fundamental  to  taxonomy  is  the  idea  conveyed  by  the  term  species. 
Linnaeus,  like  most  of  his  predecessors  and  contemporaries,  belie\'ed 
that  species  were  fixed  and  unchanging  and  that  therefore  each  species 
could  be  described  precisely  Iw  listing  a  few  “specific  characters'’  which 
could  be  stated  in  precise  terms  and  which  were  the  same  for  all  members 
of  the  species.  This  brief  and  precise  method  of  descril^ing  species  intro¬ 
duced  by  Linnaeus  did  much  to  advance  taxonomy  and  to  clarify  the 
ideas  of  taxonomists.  Wifii  some  changes  it  continues  to  be  the  method  in 
use  at  the  present  time.  Howev^cr,  the  concept  of  the  term  as  expressed 
in  the  definition  of  a  species  has  been  modified  to  harmonize  with  the 
present  knowledge  of  the  geographical  distribution,  heredity,  and  life 
cycles  of  organisms.  It  is  now  known  that  species  undergo  slight  but 
persistent  changes  and  that  the  members  of  a  s|^<'cies  are  by  no  means 
identical  even  in  their  s})('cific  characters.  .\  species  may  be  defined  as 
a  group  of  organisms  whicli  are  similar  morj:)hologically  and  physiolog¬ 
ically,  which  normally  brecxi  only  within  the  grou[),  and  which  liave  in 
common  a  certain  compl(‘x  of  hereditary  characters  that  in  general 
constitute  th(‘  c.liaractei  istics  of  the  sp(‘cies.  Species  are  usually  kept 
intact  by  some'  factor  or  factors,  morjihological,  physiological,  or  geo¬ 
graphical,  wliich  prev('nt  tluan  from  inti'rbreixling  with  the  members  of 
other  spc'cies. 

It  is  not  enough  simply  to  give  the  different  species  scientific  names. 
The  species  must  b(‘  classihc'd  or  arranged  according  to  some  method. 
For  a  scientific  study  the  classification  should  be  such  as  to  show  the 
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relationships  between  the  different  species.  1  he  relationships  wliich 
modern  classifications  have  aimed  to  show  are  those  ol  descent  or 
evolution.  Species  which  show  a  close  similarity  of  structure  and  ex¬ 
ternal  features  and,  therefore,  are  considered  to  have  been  descended 
from  a  previously  existing  species  which  did  not  differ  greatly  from 
either  of  them  are  placed  in  the  same  genus.  Similarly,  genera  are 
grouped  into  families,  families  into  orders,  orders  into  classes,  classes 
into  phyla,  and  phyla  into  kingdoms.  Of  the  latter  there  arc  two  —  the 
plant  kingdom  and  the  animal  kingdom. 

As  an  example  let  us  take  the  domestic  dog.  We  naturally  place  it 
in  the  animal  kingdom.  Within  this  kingdom  arc  a  dozen  or  more  phyla, 
to  one  of  which  it  must  be  assigned.  It  is  placed  among  the  chordates  in 
the  phylum  Chordata.  A  satisfactory  discussion  of  the  reasons  for  this 
would  lead  us  too  far  at  the  present  stage  of  our  study.  Suffice  it  to  say 
that  the  characters  relate  chiefly  to  structures  which  appear  in  the  course 
of  development  and  indicate  certain  fundamental  features  of  structural 
plan.  Because  the  dog  possesses  an  internal  skeleton  including  a  back¬ 
bone  and  skull  and  has  many  other  special  characteristics,  it  is  placed 
among  the  vertebrates  in  the  subphylum  Vertebrata.  Because  it  nour¬ 
ishes  its  young  with  milk  from  mammary  glands  and  has  many  other 
characteristics  including  a  covering  of  hair,  it  is  placed  among  the 
mammals  in  the  class  Mammalia.  Because  its  teeth  and  claws  are 
adapted  to  the  eating  of  flesh,  it  is  placed  among  the  flesh-eating  mam¬ 
mals  in  the  order  Carnivora.  This  order  contains  a  number  of  families, 
of  which  one  is  the  family  Canidae  or  dog-family,  some  of  the  distin¬ 
guishing  features  of  which  are  relatively  straight  legs  for  running,  claws 
that  cannot  be  retracted  into  the  foot  like  those  of  a  cat,  a  relatively 
long  face,  and  numerous  back  teeth  (molars).  The  family  includes  also 
the  foxes.  The  name  of  the  genus  to  which  the  domestic  dog  belongs  is 
Canis^  the  Latin  for  dog.  This  is  a  large  genus  including  also  wolves  and 
jackals.  The  species  to  which  the  dog  belongs  is  Jamiliaris. 

Similarly  in  the  case  of  the  white  oak,  we  recognize  that  it  is  a  plant, 
and  therefore  place  it  in  the  kingdom  Plantae.  Since  it  bears  seeds 
(the  acorn  is  a  fruit  but  it  contains  a  seed),  it  is  placed  in  the  phylum 
Spermatophyta.  Since  it  has  flowers  (they  are  very  small  but  are  true  r 
flowers),  it  is  placed  in  subphylum  Angiospermae.  If  we  observe  a  seed- 
ling  soon  after  it  has  emerged  from  the  seed  we  see  that  it  has  two  seed  > 
leaves  and  therefore  place  the  plant  in  the  class  Dicotyledoneae.  From  a  . 
study  of  its  flowers  it  would  be  put  in  the  order  Fagales  which  also  con-  I' 
tains  the  walnut,  hickory,  beech,  and  chestnut.  A  further  study  would  i 
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enable  us  to  put  it  in  the  family  Fagaceae  which  includes  the  beech, 
chestnut,  and  oak.  The  leaves,  acorns,  and  bark  would  indicate  the 
genus  Quercus  (L.  oak)  and  the  species  alba  (L.  white). 


Kingdom  . 

Phylum  . 

Subphylum  . 

Class 
Order  . 
Family 
Genus  . 
Species 


Animalia  . 

.  Chordata 
Vertebrata 
.  Mammalia 
Carnivora  . 
Canidae  . 
Canis  . 
familiar  is 


Plantae 

Spermatophyta 
.  Angiospermae 
Dicotyledoneae 
Fagales 
Fagaceae 
Quercus 
.  alba 


Thus  the  classification  of  plants  and  animals  permits  us  to  do  three 
things :  first,  it  makes  it  possible  to  give  a  definite  and  unequivocal  name 
to  each  species;  second,  it  enables  us  to  place  each  species  in  a  system 
which  shows  its  relation  to  other  species;  and  third,  by  arranging  these 
species  in  classes,  orders,  and  families,  it  makes  possible  a  bird’s-eye  view 
of  the  whole  world  of  living  things.  To  obtain  this  bird’s-eye  view  it  is 
more  important  to  know  the  main  characteristics  of  the  larger  groups 
and  to  understand  their  relationships  than  to  know  the  detailed  classi¬ 
fication  of  specific  organisms,  although  examples  are  valuable  for  vis¬ 
ualizing  characteristics  and  relationships.  The  purpose  of  the  follow¬ 
ing  brief  survey  is  to  give  the  student  a  general  view  of  the  organic 
world. 


5.  PLANTS  AND  ANIMALS  CONTRASTED 

The  roles  which  plants  and  animals  |:)lay  in  the  living  world  are  dis¬ 
similar  and  in  many  respects  complementary.  Green  plants  manufaeture 
organic  food  materials  from  inorganic  materials  in  their  environment. 
They  arc  thus  concerned  with  building  up  a  store  of  energy  in  the  form 
of  chemical  combination.  Animals,  on  the  other  hand,  are  dependent 
upon  green  plants  for  their  organic  food  materials.  They  utilize  the 
energy  which  the  green  plants  have  stored. 

Tlie  lowest  plants  and  animals  present  many  resemblances.  Indeed 
there  are  numerous  organisms  whieh  are  elaimed  by  both  botanists  and 
zoologists.  1  Iow(‘V('r,  very  soon  in  the  course  of  evolution  the  boundaries 
(jf  tl)e  two  gr(‘at  kingdoms  of  the  organic  world  became  established,  and 
in  tlH'ir  evolution  th(‘re  s(‘(‘ms  n(‘V(‘r  to  hav(‘  aj)j)eared  any  real  tendency 
for  them  to  overlap.  In  d’able  3:1  th(‘  main  dillerenees  between  j)lants 
and  animals  aix*  summarizc'd. 
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PLANTS  AND  ANIMALS  CONTRASTED 


PLANTS 

ANIMAI.S 

Food 

relations 

Green  plants  manufacture  their 
own  organic  food  materials  from  in¬ 
organic  materials  obtained  from 
the  atmosphere,  water,  and  soil. 
Nongreen  plants  arc  dependent  on 
green  plants  but  do  not  take  solid 
food  materials  into  their  bodies 

Animals  arc  dependent  on  green 
plants  for  their  organic  food  ma¬ 
terials  cither  directly  by  eating 
them  or  indirectly  by  eating  non- 
green  plants  or  other  animals 

Energy 

relations 

Plants,  in  general,  because  of  their 
mode  of  life,  are  mainly  concerned 
with  storing  up  energy  in  the  form 
of  organic  food  materials 

.\nimals,  because  of  their  active 
mode  of  life,  are  constantly  using 
up  (he  energy  which  they  obtain 
ultimately  from  green  plants 

Activities 

Most  plants  are  either  stationary  or 
floating  and  not  capable  of  locomo¬ 
tion.  They  usually  react  relatively 
slowly  to  stimuli 

Most  animals  arc  capable  of  loco¬ 
motion  or,  if  fl.xed,  of  relatively 
rapid  movement  of  some  part  of 
their  bodies.  Fhcy  usually  react 
quickly  to  stimuli 

Cellular 

structure 

Outside  the  plasma  membrane 
plant  cells  are  usually  surrounded 
by  cell  walls  composed  of  cellulose. 

It  is  these  cell  walls  which  give 
plants  their  rigidity 

.\nimal  cells  while  also  surrounded 
by  a  plasma  membrane  arc  usually 
without  rigid  cell  walls  although 
they  may  secrete  intercellular  sub¬ 
stances  which  become  hard  and 
rigid.  Lack  of  rigid  cell  w'alls  makes 
possible  the  movements  of  animals 

Organization 

The  plant  kingdom  shows  less  vari¬ 
ety  of  structure  than  the  animal 
kingdom  and  the  higher  plants  are 
less  highly  organized  than  the 
higher  animals 

The  animal  kingdom  shows  a 
greater  variety  of  structure  than  the 
plant  kingdom  and  the  higher  ani¬ 
mals  are  more  highly  organized 
than  the  higher  plants 

Evolution 

Apparently  plants  were  unable  to 
evolve  beyond  their  first  great  phy¬ 
lum  (thallus  plants  or  Thallophyta) 
in  the  sea.  The  higher  plants 
(mosses,  ferns,  and  seed  plants) 
^have  evolved  on  land,  chiefly  in  re¬ 
sponse  to  the  greater  amount  of 
light  and  free  carbon  dioxide  avail¬ 
able  there  and  to  the  lack  of  water 

The  greater  part  of  animal  evolu¬ 
tion  to  date  has  occurred  in  the  sea 
where  all  the  phyla  are  represented. 
Animals  moved  onto  the  land 
rather  late  in  their  evolution  and 
few  really  fundamental  changes 
have  occurred  in  their  structure 
since 

6.  A  BRIEF  SURVEY  OF  THE  PLANT  KINGDOM' 

The  plant  kingdom  is  divided  into  four  phyla^  depending  on  the  com¬ 
plexity  of  structure  and  the  life  history  of  the  plants.  Complexity  of  the 
plant  body  is  due  to  the  differentiation  of  cells  to  form  different  tissues 
and  the  differentiation  of  the  body  as  a  whole  into  parts  or  organs 
specialized  to  perform  special  functions.  The  number  of  species  in  the 

^  A  more  detailed  classification  is  given  in  the  Appendix. 

2  The  term  division  is  sometimes  used  by  botanists  in  place  of  the  term  phylum  as  used  here. 


Art  6  A  BRIEF  SURVEY  OF  THE  PLANT  KINGDOM 


65 


different  groups  gives  an  indication  of  their  relative  abundance  since 
where  there  are  numerous  species  there  are  usually  numerous  individ¬ 
uals,  although  this  is  not  always  the  case :  naturally  when  the  individuals 
are  large  a  given  region  supports  a  smaller  number. 


I.  THALLUS  PLANTS  (Phylum  Thallophyta) 

About  80,000  species.  The  body  of  these  plants  consists  of  a  thallus. 
A  thallus  may  consist  of  a  single  cell  or  an  aggregate  of  cells  showing 


Fig.  3:3  A  large  marine  alga,  kelp 
(Laminaria,  phylum  Thallophyta, 
subphylum  Algae).  The  boy  grasps 
the  holdfast  by  which  the  great  rib¬ 
bonlike  thallus  is  attached  to  the  ocean 
floor.  Photograph  byj.  VV.  Mavor. 


Fig.  3:4  .\  mushroom  (phylum  Thal¬ 

lophyta,  subphylum  I'ungi),  grow  ing  in  a 
forest  on  decayed  leaves  and  roots.  Photo¬ 
graph  by  J.  \V.  Mavor. 


comparatively  littk*  (lifferentialion  into  tissues;  it  is  without  true  roots, 
stem,  or  leaves.  'The  thallophytes  constitute  the  lowest  phylum  of  the 
plant  kingdom. 

A.  AIXiAE  (Subphylum  Algae) 

Af)ou(  14,000  known  specie's.  J'hallus  j)lants  witli  chlorophyll.  Nearly 
all  of  the.se  planis  live  in  fn'sh  or  salt  water,  tlu'  greatest  number  being 
found  in  (he  sea.  I’resh-wate'r  forms  include  the  minult'  bliu'-grt't'n  algae' 
which  some'lime's  le)rm  a  slimy  mass  in  stagnant  elitche's  anel  d.u'k  lihns 
on  me)ist  gre)unel  (O.u  l/latoria^  Anahanui,  Nostoi)  ;  the'  j)e)nd  scums  [Spitoi^yra, 
anel  e)(he'r  ge'ne'r,i),  t hie'adlike'  algae*  le)und  lle^ating  in  (angle'd 
ma.s.sets  ne'ar  the'  surface  of  pe)nds;  ek'smiels,  microscetpic  unie'e'llular  .ilgae* 
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which  take  on  quaint  shapes;  and  the  branched  candelabra  i)lanis  wliich 
grow  up  on  the  bottoms  of  ponds  {Char a,  Nitella).  Marine  forms  include 
the  sea  lettuce  {Ulva),  rockweed  {Fucus),  and  kelp  {Laminaria)  (Fig.  3:3). 

B.  FUNGI  (Subphylum  Fungi) 

About  70,000  known  species.  Thallus  plants  without  chlorophyll 
which,  except  in  the  case  of  certain  bacteria,  are  dependent  upon  other 
plants  or  animals  for  their  organic  food  stufTs.  They  include  the  bacteria; 
the  different  kinds  of  mold  which  attack  bread,  preserves,  and  fruits; 
mildews  which  attack  the  leaves  and  other  parts  of  seed  plants;  the  yeasts 
which  cause  fermentation;  and  mushrooms  and  toadstools  (Fig.  3:4). 

C.  LICHENS 

The  lichens  cannot  be  classified  as  a  group  of  plants.  Although  a  lichen 
has  the  appearance  of  a  plant  individual  it  is  in  fact  composed  of  two 
plants,  an  alga  and  a  fungus  living  together  to  their  mutual  advantage 
(Figs.  8:18  and  8:19).  Lichens  provide  an  excellent  example  of  symbiosis, 
a  condition  in  which  two  organisms  of  different  species  live  together  to 
the  advantage  of  both. 

II.  THE  LIVERWORTS  AND  MOSSES  (Phylum  Bryophyta) 

About  20,000  known  species.  Mosses  are  small  leafy  plants  common 
on  moist  ground  but  also  found  growing  over  rocks  and  fallen  logs  (Fig. 

3:5).  Liverworts  are  less  familiar. 
One  kind,  known  as  the  leafy  liver¬ 
worts,  somewhat  resemble  mosses  but 
differ  from  them  in  certain  stages 
of  their  life  cycle.  The  other  kind  of 
liverworts,  in  the  stage  of  their  life 
cycle  most  commonly  seen,  resemble 
a  mass  of  small  green  leaves  lying 
on  the  ground. 

With  the  development  of  the 
mosses  and  the  liverworts  a  great  step 
toward  the  evolution  of  the  seed 
plants  was  taken.  This  involves  the 
alternation  of  a  generation  which 
reproduces  sexually,  known  as  the 
gametophyte,  with  a  generation 
which  reproduces  asexually  by  means 
of  spores,  known  as  the  sporophyte.  In  the  mosses  the  gametophyte  is 
represented  by  the  leafy  plant  we  all  know,  while  the  sporophyte  is 


Fig.  3:5  A  moss  {Poly trichum ^  phylum 
Bryophyta)  showing  the  gametophyte 
or  leafy  stage  and  the  sporophyte  stage 
with  white  spore  capsules.  Photograph 
by  L.  W.  Brownell. 
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represented  by  a  small  capsule  on  the  end  of  a  long  stalk  extending  from 
the  tip  of  the  gametophyte  and  appears  frequently  at  certain  periods  of 
the  year.  The  production  of  spores  in  the  capsules  makes  possible  the 
wide  distribution  of  the  plant  on  land  by  wind.  In  liverworts  the  spore¬ 
forming  generation  is  simpler  than  in  the  mosses.  In  both  liverworts  and 
mosses  the  gametophyte  is  the  conspicuous  generation. 


III.  THE  FERNS  AND  THEIR  RELATIVES  (Phylum  Pteridophyta) 
About  10,000  known  species.  Most  of  our  common  ferns  have  large, 
much  divided  leaves  or  fronds  which  grow  up  from  an  underground  stem. 
The  familiar  fern  plant  produces  spores  and  therefore  belongs  to  the 


Fig.  3;G  Ferns  (phylum  Pteridophyta) 
growing  by  a  small  stn'am  in  the  woods. 
Photograph  by  J.  VV.  Mavor. 


Fig.  3:7  Hemlock  {Tsuga^  phylum 
Sperrnatophyta,  class  Gymnospermae), 
an  example  of  a  conifer.  'The  branch 
bears  carpellau'  cones  of  two  successive 
years.  In  the  older  ones  the  seed-bearing 
.scab's  h.ive  .separated.  Photograph  by 
L.  \V.  Iirowncll. 


sporophylc  generation.  The  spores  are  very  minute  but  the  capsules,  or 
sporangia,  in  wliich  they  are  harmed  can  often  be  .seen  in  little  brown 
patches  on  th(^  undt'rsitles  of  the  leaves.  When  one  ol  the.se  spores  reaches 
moist  earth  it  grows  into  a  ininutt'  plant  which  looks  not  unlike  a  small 
gretai  leaf  lying  flat  on  th(‘  ground.  'This  latter  j)lant  rej)roduces  sexually 
and  is  ('ailed  a  gaineto|)hyte.  lu'om  tlu'  h'rtilized  c'gg  a  new  sporophytc' 
similar  (o  tin*  original  lern  j)lant  dev('loj)s.  In  the  lerns  the  .sj)orophyt('  is 
the  eonspicuous  gt'neralion.  By  di'vt'loping  a  mort'  highly  dilh'rentiaU'd 
and  indept'iident  sporophytt*  the  ferns  have*  made  a  stej)  in  advance  ol 
the  mosses  and  liverworts  toward  the  evolution  ol  the  seed  plants  (Fig. 
3:6). 
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IV.  THE  SEED  PLANTS  (Phylum  Spermatophyta) 

About  100,000  known  species.  Seed  plants  constitute  by  far  the  greater 
part  of  the  vegetation  of  the  earth.  They  include  all  trees,  shrubs,  and 
herbs  and  are  the  most  highly  evolved  of  the  four  phyla.  The  seed  is  the 
solution  which  these  plants  have  arrived  at  for  reproduction  on  land. 
A  seed  contains  an  embryo  plant,  provided  with  nourishment  to  begin 
its  development,  and  resistant  coats  to  protect  it  while  awaiting  the 
conditions  necessary  for  this  development.  Trees,  shrubs,  or  herbs  arc 
in  reality  sporophytes. 

A.  CONIFERS  AND  THEIR  RELATIVES  (Class  Gymnospcrmac) 
This  group  includes  most  cone-bearing  plants.  Most  of  them  arc  cither 

trees  or  shrubs.  The  cones  take  the  place  of  the  flowers  of  flowering  plants. 
The  seeds  formed  on  the  scales  of  the  cones  arc  not  enclosed  as  they  arc 
in  flowering  plants.  Examples  of  conifers  are  pine,  hemlock  (Fig.  3:7), 
ginkgo,  cycad. 

B.  FLOWERING  PLANTS  (Class  Angiospcrmac) 

The  flowering  plants  are  adapted  to  life  on  land.  Flowers  by  their 
colors  and  perfume  attract  insects  which  carry  pollen  from  flower  to 
flower.  This  has  in  turn  led  in  many  cases  to  adaptation  between  par¬ 
ticular  species  of  flowers  and  particular  species  of  insects  (Fig.  14:19). 
The  ovule  which  forms  the  seed  is  enclosed  in  an  ovary.  Furthermore, 
the  ovary  usually  develops  to  form  a  fruit.  Fruits  are  adapted  to  different 
methods  of  dispersion.  Fleshy  fruits  are  fed  upon  by  many  species  of  birds 
and  mammals  which  in  return  distribute  the  seeds.  Other  fruits,  like 
those  of  the  dandelion,  are  adapted  for  wind  distribution.  These  different 
adaptations  to  pollination  and  seed  distribution  account  in  large  measure 
for  the  great  variety  of  flowers  and  fruits  found  in  nature.  Flowering 
plants  are  divided  into  two  classes.  These  classes  are  in  turn  divided 
into  orders  and  the  orders  into  families.  In  the  practical  work  of  classi¬ 
fying  flowering  plants  botanists  have  found  the  family  the  most  useful. 
Most  systematic  works  and  keys  place  emphasis  on  this  group.  Families 
are  often  named  after  a  prominent  genus,  as  the  rose  family  or  the  lily 
family. 

(l)“Dicots”  (Subclass  Dicotyledoneae) 

The  embryo  in  the  seed  has  two  seed-leaves  or  cotyledons.  The  plants 
can  usually  be  recognized  by  their  net-veined  leaves  and  their  flowers 
in  which  the  parts  (sepals,  petals,  stamens,  and  carpels)  are  usually  not 
in  threes  or  multiples  of  three.  Common  and  important  “dicot”  families 
are  the  buttercup,  mallow,  geranium  (Fig.  3:8),  mustard,  carnation. 


Arf.  7  A  BRIEF  SURVEY  OF  THE  ANIMAL  KINGDOM 


69 


primrose,  phlox,  snapdragon,  rose,  cactus,  maple,  parsley,  and  aster 
families. 

(2)  “Monocots”  (Subclass  Monocotyledoneae) 

The  embryo  in  the  seed  has  only  one  seed-leaf  or  cotyledon.  The  plants 
can,  in  most  cases,  be  recognized  by  their  leaves  which  are  usually 


Fig.  3:8  A  wild  geranium  (6>ra«/um,  phy¬ 
lum  Spermatophyta,  class  Angiospcrmac, 
subclass  Dicotylcdoncac),  an  example  of 
a  “dicot.”  Note  net-veined  leaves  and 
flowers  with  parts  in  fives.  Photograph 
by  L.  W.  Brownell. 


Fig.  3:9  The  slender  blue  flag  (Ins, 
phylum  Spermatophyta,  class  .\ngio- 
spermae,  subclass  .Monocotyledoneae), 
an  example  of  a  ”  monocot. The  leaves 
are  |:)arallel  veined  and  the  parts  of  the 
flowers  are  in  threes. 


parallel  veined  and  ihcir  flowers  which  usually  have  iheir  parts  (sepals, 
petals,  stamens,  and  carpels)  in  threes  or  multiples  of  three.  C'ommon 
and  important  families  of  “monocots”  are  the  lily,  iris  (Fig.  3:9),  palm, 
orchid,  and  gra.ss  families. 


7.  A  BRIEF  SURVEY  OF  THE  ANIMAL  KINGDOM' 

'The  (lilferentiatitai  IxMween  j)lants  and  anim.ils  must  have'  occurred 
early  in  the  evolution  of  organisms.  .Xlthough  there'  are  some  primitive 
unicellular  forms  whie  h  .seem  to  be  .somt'what  interiiH'diatt'  in  structure 
and  mode  of  life,  tlu'St'  are  ft'w.  The  ('arliest  animals,  likt'  tlu'  t'arlicst 
l^lants,  probably  consisted  of  single'  e  e'lls  or  of  ma.s.s('s  of  protoplasm  ne)t 
ye't  diflert'nliatt'el  into  ct'lls.  Mult it'e'llular  animals  may  ha\'('  dt'xa'lope'el 


'  A  morr  drt.iilrd  (  lassilicatlon  is  ^i\rn  iti  (hr  Ap|)rn(li\. 
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when,  after  cell  division,  the  daughter  cells  adhered  to  form  groups  in 
place  of  separating  to  lead  independent  lives.  As  in  the  case  of  plants, 
division  of  labor  and  structural  differentiation  followed  —  then  tissues 
and  organs.  A  much  greater  differentiation  of  the  single  cell  is  found  in 
many  of  the  unicellular  animals  than  in  any  of  the  unicellular  plants. 
Animal  evolution  has  proceeded  along  many  different  paths  represented 
by  the  many  different  phyla.  The  exact  number  of  phyla  differs  in  dif¬ 
ferent  schemes  of  classification,  the  difference  being  that  in  .some  classi¬ 
fications  groups  are  regarded  as  separate  phyla  which  according  to  other 
classifications  are  placed  together  in  the  .same  phylum.  ITic  following 
brief  classification  includes  only  those  phyla  which  arc  relatively  nu¬ 
merous  and  occur  commonly. 


I.  UNICELLULAR  ANIMALS  (Phylum  Protozoa) 

About  15,000  known  species.  Small  animals  consisting  of  a  single  cell 
or  colonies  of  single  cells.  Locomotion  when  prc.scnt  is  by  means  of  irreg- 


Fig.  3:10  Amoeba  (phylum  Protozoa). 
The  animal  is  moving  by  means  of  two 
large  pseudopodia  towards  the  upper 
part  of  the  field  of  the  microscope.  The 
outline  of  the  single  nucleus  can  be  seen 
faintly  near  the  center  of  the  protoplas¬ 
mic  mass.  Photomicrograph  by  J.  W. 
Mavor. 


Fig.  3:11  A  finger  sponge  (Chalina, 
phylum  Porifera).  A  dried  specimen  on 
the  sand  of  the  seashore.  Photograph 
by  J.  W.  Mavor. 


ular  protoplasmic  projections  (pseudopodia),  a  few  long  whip-like  ex¬ 
tensions  (flagella)  or  numerous  fine  hairlike  structures  which  move  in 
unison  (cilia).  These  animals  occur  abundantly  in  both  fresh  and  salt 
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water  and  also  as  parasites  in  the  bodies  of  other  animals.  Amoeba  (Fig. 
3:10),  which  has  become  famous  as  a  biological  type,  is  perhaps  a  rela¬ 
tively  simple  example  of  this  phylum.  In  some  cases,  for  example  the 
slipper  animalcule,  Paramecium^  the  single  cell  may  be  quite  complicated ; 
in  parasitic  forms  like  the  malaria  parasite  the  life  cycle  may  involve  two 
hosts  and  several  stages  (Fig.  18:16). 

II.  SPONGES  (Phylum  Porifera) 

About  3000  known  species.  Mosdy  marine.  Irregularly  shaped  ani¬ 
mals,  usually  attached  to  rocks  or  other  objects  in  fresh  or  salt  water 
(Fig.  3:11).  There  are  numerous  small  openings  on  the  surface  of  their 
bodies  through  which  water  enters  and  passes  through  a  system  of 
canals  to  be  forced  out  again  through  one  or  more  larger  openings  in  the 
upper  part  of  the  animal.  The  common  bath  sponge  consists  of  the  dried 
skeleton  of  certain  species  of  this  group.  Small  fresh- water  sponges  are 
not  uncommon  in  ponds. 

III.  POLYPS  AND  JELLYFISH  (Phylum  Coelenterata) 

About  9500  known  species.  Aquatic  animals  which  occur  most  fre¬ 
quently  in  the  sea.  Polyps  arc  cylin¬ 
drical  anim.als  which  usually  attach 
themselves  by  one  end  to  some  object 
in  the  water  (Fig.  3:12).  At  the  other 
end  of  the  body  is  a  ring  of  tentacles 
in  the  center  of  which  is  a  mouth 
leading  into  a  digestive  cavity,  dlie 
body  wall  surrounding  this  cavity 
and  forming  the  tentacles  consists  of 
two  layers  of  cells  separated  l.)y  a 
layer  of  jelly  which  is  usually  quite 
thin  in  the  polyps.  Characteristic  of 
this  phylum  are  tlic  stinging  cells, 
scattered  over  th('  surface  of  the 
body.  Wlu'n  thc'se  cells  an*  stiinu- 
latefl,  line  threads  are  shot  out  and 
with  th{*ni  ;i  ])oisonous  substaiu'e 
frJtal  to  many  small,  and  irritating  to 
many  large,  animals.  A  favorite* 
polyp  for  biologic'al  ,‘;tudy  is  the*  fre'sh- 
wat(*r  Hydra  desf'iilx'd  in  Ghaj).  2. 

Other  w(*ll-known  examples  are  the 


Fig.  3:12  A  .sra  anciiioiu*  {SiiQdrtia, 
pliyhiiii  Ctx'Initrrat.i).  Note  the  (ciil.irlcs 
which  .surroiuul  tlic  mouth,  which  is  not 
visible.  'The  mcscaiterics  are  .sc('u  .is 
longiliulin.il  lines  through  the  Ir.ius- 
(xireut  outer  body  w.ill.  Photogr.iph  by 
1.  VV.  M.ivor. 
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sea  anemones  (Fig.  3:12)  and  the  corals.  Coral  polyps  are  attached 
forms.  Where  they  are  attached,  usually  to  rocks,  they  form  calcareous 
masses  on  which  they  become  raised  up.  In  this  way  they  form  reefs  and 
islands.  Many  types  of  polyps  form  colonies,  the  younger  individuals, 
which  arise  from  the  older  by  a  process  of  budding  or  division,  remaining 
attached.  Jellyfish  float  in  the  water  and  are  bell-shaped.  Corresponding 
to  what  would  be  the  clapper  or  tongue  of  the  bell  there  is  a  tubular 
extension,  on  the  end  of  which  is  the  mouth.  The  digestive  cavity  takes 
the  form  of  a  series  of  canals  connecting  with  a  central  portion.  Most  of 
the  volume  of  the  animal  is  made  up  of  the  jelly  (Fig.  19:5). 


IV.  FLATWORMS  (Phylum  Platyhclminthcs) 

About  6000  known  species.  There  are  many  kinds  of  “worms”  and  the 
flatworms  are  only  one  kind.  Their  bodies  are  elongated  and  flattened  in 


Fig.  3:13  A  common  fresh-water  pla- 
narian  {Planaria,  phylum  Platyhelmin- 
thes,  class  Turbellaria).  The  animal  is 
moving  toward  the  upper  part  of  the  field 
of  the  microscope.  The  two  small  dark 
bodies  in  the  light  areas  are  primitive 
eyes.  Photomicrograph  by  J.  W.  Mavor. 


Fig.  3:14  Vinegar  eels  {Turbatrix,  phy¬ 
lum  Nemathelminthes)  from  a  drop  of 
vinegar.  Photograph  reproduced  by  per¬ 
mission  of  General  Biological  Supply 
House,  Inc. 


a  dorso-ventral  or  up-and-down  direction  and  one  end  is  differentiated 
into  a  head  (Fig.  3:13).  This  makes  them  bilaterally  symmetrical.  There 
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are  three  classes  of  flatworms  which  differ  both  in  structure  and  in  mode 
of  life. 


Fig.  3:15  A  wheel  animalcule  of  rotifer 
{Cyrtonia,  phylum  Rotifera),  The  circle 
of  cilia  is  at  the  upper  right  side  in  the 
figure.  Photograph  of  a  model,  repro¬ 
duced  by  courtesy  of  the  American 
Museum  of  Natural  History,  New  York. 


Fig.  3:16  A  moss  animal  (Microsporellaj 
phylum  Bryozoa)  incrusted  on  a  rock. 
I'hc  black  dots  are  the  ‘‘cells”  in  which 
the  animals  live.  Photograph  by  J.  VV. 
Mavor. 


A.  PLANARIAJVS  (Class  Turbcllaria) 

Free-living  flatworms  which  glide  through  the  water  by  means  of 
cilia  distributed  over  the  surface  of  the  body.  They  occur  both  in  fresh 
water  and  in  the  sea.  Most  of  them  are  small,  under  an  inch  in  length 
(Fig.  3:13). 

B.  J^'LUIiES  (Class  'Frematoda) 

Parasitic  flatworms  with  suckers  on  the  ventral  surface,  a  mouth,  and 
a  digestive  cavity.  A  well-known  species  lives  in  the  liver  of  the  sheep 
(Fig.  20:6). 

C.  TAPEWORMS  (Class  Cestoda) 

Parasitic  flalworms  with  no  mouth  or  alimentary  tract.  ITie  apparent 
segments  or  proglottids  are  in  reality  individuals  buchh'd  olf  from  the 
head  end.  They  usually  occur  as  parasites  in  vertc'bratc's  (Fig.  20:8). 
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V.  ROUNDWORMS  (Phylum  Nemathclminthcs) 

About  8000  known  species.  The  body  is  elongated  and  not  segmented. 
The  internal  structure  shows  bilateral  symmetry.  The  mouth  at  the 
anterior  end  leads  into  a  long,  straight  digestive  tube  which  opens  to 
the  exterior  at  the  posterior  end.  They  occur  free-living  in  fresh  water, 
in  the  sea,  and  on  land,  and  as  parasites  in  many  different  kinds  of 
plants  and  animals  (Fig.  3:14). 

VI.  WHEEL  ANIMALCULES  OR  ROTIFERS  (Phylum  Rotifera) 
About  1000  known  species.  Microscopic,  multicellular  animals  which 

move  about  by  means  of  circular  bands  of  cilia  near  the  mouth  (Fig.  3:15). 

VII.  MOSS  ANIMALS  (Phylum  Bryozoa) 

About  1200  known  species.  Small,  fixed,  aquatic  animals  which  form 
colonies  attached  to  rocks,  or  to  other  animals,  or  to  plants.  The  in¬ 
dividual  animals  are  multicellular  but  microscopic  in  size  (Fig.  3:16). 


VIII.  STARFISHES  AND  THEIR  RELATIVES 
(Phylum  Echinodermata) 

About  5000  known  species.  Radially  symmetrical  animals  with  a  skele¬ 
ton  composed  of  calcareous  plates  and  spines.  Locomotion  is  chiefly  by 
means  of  peculiar  minute  structures,  called  tube  feet,  with  sucking 
disks.  They  occur  only  in  the  sea  where  they  are  relatively  abundant. 


Fig.  3:18  A  common  land  snail 
{Polygyra,  phylum  Mollusca,  class  Gas¬ 
tropoda).  Photograph  by  L.  W. 
Brownell. 


Fig.  3:17  A  sea  urchin  {Arbacia,  phy- 
ium  Echinodermata).  View  of  the  under 
side  showing  in  the  center  the  five  teeth 
surrounding  the  mouth  and  between  the 
spines  the  suction  disks  of  the  tube  feet. 
Photograph  by  J.  W.  Mavor. 
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Examples  are  starfishes,  brittle  stars,  sea  urchins  (Fig.  3:17),  sea  cucum¬ 
bers,  and  sea  lilies. 

IX.  MOLLUSKS  (Phylum  Mollusca) 

About  70,000  known  species.  Animals  with  soft  inner  bodies  usually 
covered  with  a  calcareous  shell.  There  are  five  classes,  the  more  fre¬ 
quently  encountered  of  which  are: 

A.  SNAILS  AND  SLUGS  (Class  Gastropoda) 

Usually  a  single  coiled  shell  (snails)  (Fig.  3:18),  sometimes  no  shell 
(slugs).  They  occur  in  the  sea,  fresh  water,  and  on  land.  Examples: 
snails,  slugs,  periwinkles,  whelk,  oyster  drill. 

B.  OCTOPUS,  SQUID,  AND  THEIR  RELATIVES 

(Class  Cephalopoda) 

Marine  mollusks  with  large  eyes  and  a  well-developed  head  sur¬ 
rounded  by  long  prehensile  tentacles.  Examples:  squid  (Fig.  39:56), 
octopus,  devilfish,  nautilus  (with  a  coiled  shell). 

C.  CLAMS,  OYSTERS,  AND  THEIR  RELATIVES 
(Class  Pelecypoda) 

Mollusks  with  a  bivalved  shell,  i.e.,  one  consisting  of  two  lateral 
halves.  They  occur  in  fresh  water  and  in  the  sea.  Examples:  clam  (Fig. 
39:50),  oyster,  mussel  (Fig.  39:37),  scallop  (Fig.  39:53). 


Fig.  3: 19  A  scgtnciitcd  l)ristlc  worm  (Amf>liitritr,  phylum  Amu'Iicia).  T'hr  head  is  toward 
(hr  lop  of  the  picture,  d’lie  white  strands  are  U'utach'S  whicli  surround  (he  mouth.  Pliolo- 
gra[)h  l)yj.  W.  Mavor. 
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X.  SEGMENTED  WORMS  (Phylum  Annelida) 

About  6500  known  species.  The  body,  which  is  wormlike  and  bilater¬ 
ally  symmetrical,  is  composed  of  a  longitudinal  series  of  ringlike  seg¬ 
ments.  They  occur  in  the  sea,  in  fresh  water,  and  on  land.  Examples: 
earthworm  (Fig.  22:1),  clamworm  (Fig.  39:52),  bristle  worm  (Fig.  3:19), 
leech. 

XI.  ARTHROPODS  (Phylum  Arthropoda) 

About  640,000  known  species.  The  name  means  “the  jointed  legged.” 
The  body,  which  is  bilaterally  symmetrical,  is  cnclo.sed  in  a  hard  outer 
covering.  This  covering  is  jointed  allowing  movement.  The  body  is 
segmented  like  that  of  an  earthworm  but  the  segments  are  usually  com¬ 
bined  to  form  a  head,  thorax,  and  abdomen.  About  half  of  all  the  species 
of  living  things  are  arthropods. 

A.  CRUSTACEANS  (Class  Crustacea) 

Arthropods  which  breathe  by  means  of  gills  and  with  a  few  excep¬ 
tions  spend  their  entire  life  in  fresh  water  or  the  sea.  Examples:  water 
“fleas,”  fish  “lice,”  barnacles  (Fig.  39:36),  crabs  (Fig.  39:51),  lobsters 
(Fig.  39:55),  shrimps. 


Fig.  3:20  A  common  centipede  {Lithobius,  phylum  Arthropoda,  class  Chilopoda). 
Photograph  by  L.  W.  Brownell. 

B.  CENTIPEDES  (Class  Chilopoda) 

Body  flattened,  segments  except  those  of  the  head  and  tail  similar  and 
each  bearing  one  pair  of  legs.  They  breathe  air  by  means  of  air  tubes 
(tracheae)  and  live  on  land  (Fig.  3:20). 
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C.  MILLIPEDES  (Class  Diplopoda) 

Body  cylindrical,  apparent  segments,  except  those  of  the  head  and 
tail,  similar  and  each  bearing  two  pairs  of  legs.  They  breathe  air  by 
means  of  air  tubes  (tracheae)  and  live  on  land. 


D.  INSECTS  (Class  Insecta) 

Arthropods  which  breathe  air  by  means  of  air  tubes  (tracheae).  The 
body  of  the  adult  is  usually  divided  into  head,  thorax,  and  abdomen. 
The  head  bears  one  pair  of  anten¬ 
nae.  The  thorax  bears  three  pairs  of 
legs  and  usually  two  pairs  of  wings 
(Fig.  3:21).  The  more  highly  de¬ 
veloped  groups  of  insects  pass 
through  a  metamorphosis  or  change 
of  form  in  their  life  cycle,  the  young 
animal  or  larva,  often  called  a  grub 
or  worm,  being  quite  different  in  its 
structure  and  mode  of  life  from  the 
adult.  To  effect  the  change  from 
larva  to  adult  the  animal  may  go 
into  a  quiescent  stage  forming  a  pupa 
which  is  often  enclosed  in  a  cocoon. 

The  characters  most  commonly  used 
in  classifying  insects  are  type  of 
metamorphosis,  wings,  and  mouth 
parts.  Some  insects  like  the  little 
bristletails  or  “fish  moths”  seen  in 
cupboards  and  cellars  go  through 
their  life  cycles  without  a  metamor¬ 
phosis  (ametabolic),  tlu*  larva  being 
similar  to  the  adult.  Other  insects 
like  the  grasshoppers  have  a  gradual 
or  partial  metamorj)hosis  (hemi- 
metabolic),  changing  gradually  into 
adults  without  any  resting  or  pupal 
stage,  the  young  and  immature 
stages  being  called  nymphs.  Still 
other  insects  like  the  butterflies  have 

a  compl(‘te  metamorphosis  (holonu'tabolie),  the  larva  Ibrming  a  pupa 
or  cocoon  in  which  it  undergoes  an  i‘xtensive  reorganization  into  the 


Fig.  3:21  A  long-horm'd  grassliopprr 
or  katydid  (Corwcrfilitilus,  jiliyluin  .Artliro- 
pcxla,  class  Insc'cl.ty  Pliotograph  hv  L. 
\V.  lirowncll. 
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adult  which  is  often  very  different  from  it  not  only  in  structure  but  in 
mode  of  life.  Typically  an  insect  has  two  pairs  of  wings.  These,  however, 
may  be  absent  as  in  the  bristletails  or  the  worker  caste  of  ants,  or  there 
may  be  only  a  single  pair  as  in  flies.  Further,  both  pairs  may  be  mem¬ 
branous  (dragonflies),  or  the  front  pair  may  be  parchmentlike  (grass¬ 
hoppers),  or  form  a  protective  covering  (beetles),  or  both  pairs  may  be 
covered  with  scales  (butterflies  and  moths).  The  mouth  parts  may  be 
adapted  for  chewing,  piercing,  and  sucking,  for  sucking  only,  or  vestigial 
(i.e.,  reduced  to  such  an  extent  as  to  be  useless).  There  are  more  species 
of  insects  than  of  all  other  animals.  Many  different  orders  are  distin¬ 
guished.  The  following  list  includes  the  common  names  of  representa¬ 
tives  of  some  of  the  larger  and  better  known  of  these  orders  (Fig.  24:9). 
(A  more  detailed  classification  is  given  in  the  Appendix.) 


Bristletails 
Springtails 
Grasshoppers 
Termites 
Aphis  lions 
May  flies 


Dragonflies 
Stone  flies 
Bird  lice 
Bugs 

Plant  lice 
Earwigs 


Beetles 

Caddis  flics 

Moths  and  butterflies 

Flies 

Fleas 

Bees,  wasps,  and  ants 


Fig.  3:22  Black  widow  spider  {Lathrodectus, 
phylum  Arthropoda,  class  Arachnoidea). 
Female  with  cocoon  containing  eggs.  The 
cocoon  shows  as  the  large  white  body  on  the 
left.  Photograph  reproduced  by  courtesy  of 
Nature  Magazine,  Washington,  D.  C. 


E.  SPIDERLIKE  ANIMALS 

(Class  Arachnoidea) 

Body  usually  divided  into  an 
anterior  portion  composed  of 
head  and  thorax,  to  which  the 
legs  are  attached,  and  a  posterior 
portion  consisting  of  a  spherical 
abdomen.  They  have  no  antennae 
and  no  true  jaws.  Examples: 
scorpions,  Limulus  (Fig.  39:47), 
spiders  (Fig.  3:22),  daddy  long- 
legs,  mites,  and  ticks.  Unlike  in¬ 
sects,  the  spiders,  daddy  longlegs, 
mites,  and  ticks  have  four  pairs  of 
walking  legs. 


XII.  CHORD ATES  (Phylum  Chordata) 

About  70,000  known  species.  With  the  exception  of  a  few  species 
which  are  regarded  as  connecting  links  with  the  lower  phyla,  the 
chordates  are  all  vertebrates.  We  therefore  proceed  directly  to  this  group. 


kri.7  A  BRIEF  SURVEY  OF  THE  ANIMAL  KINGDOM  79 

VERTEBRATES  (Subphylum  Vertebrata).  Anim.als  which  have  a 
vertebral  column  or  backbone  composed  of  segments  or  vertebrae,  which 
breathe  by  means  of  pharyngeal  gills  or  lungs,  which  have  their  central 
nervous  system  on  the  upper  or  dorsal  side  of  the  body,  and  which  have 
typically  two  pairs  of  appendages. 

A.  LAMPREYS  (Glass  Cyclostomata) 

Jawless,  round-mouthed,  eel-shaped  fishes,  with  a  cartilaginous  skele¬ 
ton  and  no  lateral  fins  (Fig.  26:6). 

B.  SHARKS  AND  RAYS  (Class  Chondrichthyes) 

Fishes  with  jaws,  a  cartilaginous  skeleton  and  lateral  fins,  which 
breathe  by  means  of  platelike  gills  in  gill  chambers  which  open  separately 
to  the  exterior  except  in  the  deep  sea  fishes  known  as  chimeras.  The 
body  is  covered  with  minute  platelike  scales  imbedded  in  the  skin  with 
teethlike  structures  projecting  through  the  epidermis  (Fig.  26:7). 


Fig.  3:23  A  saiKish  {Ishopfinrus,  phylum  ( ilmnl.ita,  suhjilulum  N’crtrhrat.i,  i  lass 
Oslcirhlhycs)  caught  ou  a  line.  IMu ttograph  uf  a  sketch  Iin  \.  \.  ).uiss(»u  n'piiulucetl  I'y 
courtesy  of  tlie  Aiiiericau  Museum  of  Natural  llisiory,  New  N'ork. 
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C.  BONT  FISHES  (Class  Osteichthyes) 

Fishes  with  jaws  and  lateral  fins  and  a  bony  skeleton,  which  breathe 
by  means  of  gills  in  a  gill  chamber  which  is  covered  by  a  bony  flap 
known  as  an  operculum  and  opens  to  the  exterior  on  either  side  of  the 
head.  This  class  includes  nearly  all  of  the  common  fresh-water  and 
marine  fishes  except  the  sharks  and  rays.  There  are  a  great  many  species 
and  their  variety  is  as  great  as  that  of  the  birds  of  the  air.  Of  great  inter¬ 
est,  from  the  point  of  view  of  the  evolution  of  the  next  class  (Amphibia), 
are  the  now  rare  lungfishes,  a  special  group  of  the  bony  fishes.  Examples: 
perch,  trout,  swordfish,  salmon,  sailfish  (Fig.  3:23). 


Fig.  3:24  A  spotted  salamander  {Ambystoma,  phylum  Chordata,  class  Amphibia).  Photo¬ 
graph  by  L.  W.  Brownell. 


D.  AMPHIBIANS  (Class  Amphibia) 

The  name  has  its  origin  in  the  fact  that  many  species  when  young 
live  in  water  and  when  older  in  air,  e.g.,  frog.  Breathing  is  by  means  of 
gills  in  the  larval  or  tadpole  stage  and  through  the  skin  and  lungs  in  the 
adult.  In  the  adult  stage  there  are  two  pairs  of  pentadactyl  (i.e.,  five¬ 
toed)  limbs  without  claws.  The  body  is  without  scales  except  in  certain 
tropical  legless  forms.  Examples:  frogs  (Fig.  27:1),  toads,  salamanders 
(Fig.  3:24),  newts. 

E.  REPTILES  (Class  Reptilia) 

Reptiles  breathe  air  throughout  their  lives.  Their  scales  are  horny  and 
formed  from  the  outer  layer  or  epidermis  of  the  skin.  There  are  usually 
two  pairs  of  appendages,  snakes  being  a  notable  exception,  which  are 
usually  pentadactyl  (i.e.,  five-toed).  Examples:  turtles  (Fig.  3:25), 
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tortoises,  lizards  (Fig.  39:10),  snakes  (Fig.  39:30),  crocodiles,  and  al¬ 
ligators. 


Fig.  3:25  A  painted  mud  turtle  {Chrysemys,  phylum  Chordata,  class  Reptilia).  Photo¬ 
graph  by  J.  W.  Mavor. 

F.  BIRDS  (Class  Aves) 

The  body  is  covered  with  feathers  and  the  fore  limbs  are  modified  to 
form  wings  (Fig.  3:26).  No  living  birds  have  teeth,  their  place  being 
taken  by  a  horny  beak.  The  common  names  of  some  of  the  more  familiar 
orders  of  birds  follow. 

Flightless,  terrestrial  birds,  usually  of  large  size,  without  a  keel  on  the 
breastbone  (division  Ratitae): 


Fig.  3:26.  A  chickadee  (Prntlirstrs,  phylum  Chordata,  .sul)|)liyliun  Vertehral.t,  t  lass 
Avcs)  feeding  its  young.  Photograph  by  L.  \V.  Brownell. 
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Ostriches  Emus 

Rheas  Kiwis 


Flying  or  diving  birds  with  a  keel  on  the  breastbone,  including  nearly 
all  living  birds  (division  Carinatae) : 


Penguins 

Loons 

Grebes 

Albatrosses  and  petrels 
Pelicans  and  cormorants 
Storks,  herons,  and  flamingoes 
Geese  and  ducks 
Eagles,  hawks,  and  vultures 
Fowls,  pheasants,  and  turkeys 
Cranes 


Gulls  and  sandpipers 

Pigeons  and  doves 

Parrots 

Cuckoos 

Owls 

Goatsuckers 

Swifts  and  hummingbirds 
Kingfishers 
Woodpeckers 
Perching  birds 


The  perching  birds  (order  Passeriformes)  include  more  than  half  of 
all  the  known  species  of  birds.  Examples  are  larks,  swallows,  crows,  jays, 
chickadees  (Fig.  3:26),  wrens,  thrushes,  robins,  starlings,  blackbirds, 
and  sparrows. 


Fig.  3:27  The  duckbill  {Ornithorhynchus,  phylum  Chordata,  subphylum  Vertebrata, 
class  Mammalia,  subclass  Prototheria),  an  egg-laying  mammal.  Photograph  reproduced 
by  permission  of  the  Australian  National  Travel  Association. 
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G.  MAMMALS  (Class  Mammalia) 

The  name  refers  to  the  method  of  nourishing  the  young  with  milk  from 
mammae  or  breast  glands.  Mammals  are  also  distinguished  by  the 
possession  of  hair. 

(1)  Egg-laying  mammals  (Subclass  Prototheria) 

The  most  primitive  of  existing  mammals,  found  only  in  Australia, 
Tasmania,  and  New  Guinea.  They  live  in  burrows  where  their  small 
leathery-shelled  eggs  are  laid  and  their  very  immature  young  are  raised 
and  fed  on  a  milky  secretion  from  the  mother.  Examples :  duckbill  (Fig. 
3:27)  and  echidna. 


Fig.  3:28  A  kangaroo  (Afacropi/s,  phyliiin  Cihorclala,  sul)|)hyluin  \  crtcbrata,  class 
Mammalia,  subclass  Mcta(licria)  with  a  young  one  in  its  pouch.  IMiotograph  n'produccd 
by  permission  of  tlic  Australian  National  d'ravcl  Association. 


(2)  Pouched  iiKiminnls  (Subednss  M(‘ta(h(‘rin) 

The  young  an*  born  in  a  vt  ry  iinmatiirt'  condition  and  arc  carried  in 
a  pouch  on  th(‘  undtaside  of  tlu'  body  of  llu'  nio(h(‘r.  I■.xamples:  opossum, 
kangaroo  (h’ig.  3:28),  koala. 

(3)  Placental  mammals  (Subcl.iss  I'ullH'ria) 

Mammals  in  whitdi  (lit'  uioIIkm'  rtdains  llu'  young  in  lu'r  body  lor  a 
consid(‘rabl(‘  (imt*,  notirishiiKail  being  proxidt'd  by  h('r  through  a 
sp(‘eial  organ  known  as  the  |)ki('(‘nta  (dest'ribt'd  in  (ihap.  35).  I  his  sub¬ 
class  itielud(xs  most  wild  and  dom<‘sti('at('d  mammals.  I.xamjth'S  ol  th(' 
subclass  iiK'lude  mole,  bat,  dog,  woll,  skunk,  eat,  lion  (I'ig.  3:2h),  seal. 


Fig.  3:29  A  lion  cub  {Leo,  phylum  Chordata,  subphylum  Vertebrata,  class  Mammalia 
subclass  Eutheria).  Photograph  on  Agfa  film  reproduced  by  permission  of  the  Agf; 
Ansco  Corporation. 
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walrus,  monkey,  ape,  sloth,  mouse,  rat,  squirrel,  muskrat,  beaver, 
porcupine,  rabbit,  deer,  giraffe,  camel,  ox,  horse,  tapir,  rhinoceros, 
elephant,  whale,  dolphin. 
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Questions 

1.  Distinguish  clearly  between  structure,  function,  and  adaptation  using  several 
examples  taken  from  both  the  plant  and  animal  kingdoms. 

2.  Elaborate  on  the  statement,  “the  act  of  living  imposes  certain  restrictions  on 
the  structure  of  an  organism,”  discussing  examples  such  as  the  following: 
“Why  are  there  no  three-legged  rabbits?”  “elephants  with  wings?”  “mice 
with  horns?”  “  insects  as  large  as  elephants?”  etc. 

3.  In  which  groups  are  the  following  classified  and  why:  duckweed,  palm  tree, 
rockweed,  whale,  bat,  snake,  frog,  eel,  maggot,  slug,  scallop,  sea  cucumber, 
tapeworm,  .sea  anemone,  sponge? 

4.  State  in  your  own  words  what  you  understand  by  the  term  “evolution.” 

5.  Compare  the  naming  of  a  species  with  the  naming  of  a  person. 

6.  What  is  the  aim  of  a  natural  .system  of  cla.ssification  of  plants  and  animals? 

7.  Walk  through  a  forest  and  try  to  cla.ssify  the  plants  and  animals  you  see  into 
the  groups  outlined  in  this  cha|)ter.  f  or  the  [^re.sent  it  is  more  important  to 
recognize  the  main  groups  than  to  determine  the  exact  species. 

8.  If  a  natural  history  museum  is  available,  visit  it  to  get  a  general  idea  of  the 
main  grouj).s  of  plants  and  animals. 

Suggestions  for  Further  Reading  ^ 
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The  Cell 


1.  THE  CELL  PRINCIPLE,  ITS  HISTORY  AND  SIGNIFICANCE 

About  280  years  ago,  one  of  the  early  microscopists,  an  Englishman 
by  the  name  of  Robert  Hooke,  amused  himself  by  looking  at  sundry 
small  objects  with  his  latest  improvement  of  the  then  rather  primitive 
compound  microscope  (Fig.  4:1).  He  recorded  his  observations  in  a  book 
which  he  called  Micrographia,  literally,  a  writing  about  small  things, 
which  was  published  in  1665  and  from  which  the  following  is  quoted: 

I  took  a  good  clear  piece  of  cork,  and  with  a  pen-knife  sharpen’d  as  keen  as  a 
razor,  I  cut  a  piece  of  it  off,  and  thereby  left  the  surface  of  it  exceeding  smooth, 
then  examining  it  very  diligently  with  a  microscope,  me  thought  I  could  per¬ 
ceive  it  to  appear  a  little  porous;  but  I  could  not  so  plainly  distinguish  them,  as 
to  be  sure  that  they  were  pores,  much  less  what  figure  they  were  of:  but  judging 
from  the  lightness  and  the  yielding  quality  of  the  cork,  that  certainly  the  texture 
could  not  be  so  curious,  but  that  possibly,  if  I  could  use  some  further  diligence, 
I  might  find  it  to  be  discernable  with  a  microscope,  I  with  the  same  sharp  pen¬ 
knife,  cut  off  from  the  former  smooth  surface  an  exceeding  thin  piece  of  it,  and 
placing  it  on  a  black  object  plate,  because  it  was  itself  a  white  body,  and  casting 
the  light  on  it  with  a  deep  plano-convex  glass,  I  could  exceeding  plainly  perceive 
it  to  be  all  perforated  and  porous,  much  like  a  honey-comb,  but  that  the  pores 
of  it  were  not  regular;  yet  it  was  not  unlike  a  honey-comb.  .  .  (Fig.  4:2) 

To  the  separate  small  compartments  which  he  was  able  to  sec  in  the 
cork  Robert  Hooke  gave  the  name  “cells.”  We  now  know  that  cork 
consists  of  dead  tissue  from  which  the  living  material  luis  disappeared. 
Not  until  much  la((‘r  (1835)  was  a  Ken  lion  })aid  to  the  material  inside 
the  “cells”  when  Dujardin  recognized  ibis  (o  be  the  actual  living  ma¬ 
terial.  T’o  this  material  von  Mold  gave  the  name  protoplasm  (Gr.  jnotos, 
first  T  plasma^  form).  'Flu'  nucleus  was  aj)paren(ly  seen  by  L'ontana  in 
1781,  but  (h(‘  discov(‘ry  of  its  general  occurrence  in  cells  is  usually 
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credited  to  Robert  Brown  in  1831.  The  significance  of  the  nucleus  was 
not  appreciated  until  later  when  it  was  realized  that  it  plays  an  impor¬ 
tant  role  in  the  life  of  the  cell.^ 


Fig.  4:1  Compound  microscope  used  by  Robert  Hooke  in  the  seventeenth  century 
(about  1660).  With  this  microscope  Hooke  discovered  the  cellular  structure  of  cork. 
Redrawn  after  Carpenter,  The  Microscope. 

The  great  importance  of  these  discoveries  regarding  the  cell  was  not 
recognized  until  after  the  enunciation  of  the  cell  principle,  at  first  called 
the  cell  theory.  The  statement  of  this  theory  is  generally  attributed  to  two 
Germans,  Jakob  Schleiden  and  Theodor  Schwann. ^  Schleiden  announced 

^  As  outlined  above,  the  word  “cell”  as  a  biological  term  was  first  used  by  Robert  Hooke  for 
the  nonliving  cases  or  compartments  which  form  so  prominent  a  feature  of  plant  tissues.  Much 
confusion  would  have  been  avoided  and  both  the  rules  and  the  harmony  of  biological  terminol- 1 
ogy  would  have  been  preserved  if  the  term  had  retained  this  meaning.  However,  with  the  dis-  I 
covery  of  protoplasm  and  its  significance  as  the  actual  living  material,  the  connotation  of  the 
word  cell  was  extended  to  include  the  “cell”  contents.  Then  when  the  study  of  animal  tissues 
showed  that  they  also  contained  unit  masses  of  protoplasm  but  without  the  cell  walls  so  evident 
in  plant  cells,  the  naked  protoplasm  was  called  a  cell.  To  correct  the  inconsistency  the  word 
protoplast  has  been  introduced  to  designate  the  living  protoplasmic  unit  as  distinct  from  the 
nonliving  cell  walls,  but  cell  still  persists  as  the  more  generally  used  term. 

2  Historical  research  has  shown  that  a  Frenchman,  Dutrochet,  preceded  Schleiden  and 
Schwann  in  the  development  of  the  cell  theory.  Indeed  several  scientists  are  credited  with  hav¬ 
ing  originated  the  idea.  It  is  seldom  that  a  scientific  theory  of  importance  is  the  work  of  one  or 
two  men. 
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the  theory  for  plant  tissues  in  1838.  Schwann  announced  the  theory  for 
animal  tissues  in  the  same  year  and  later  in  1839  developed  the  general 
theory  and  applied  it  to  all  living  organisms.  In  his  own  words,  “All 
organized  bodies  are  composed  of  essentially  similar  parts,  namely  cells. 
.  .  .  The  whole  organism  subsists  only 
by  means  of  the  reciprocal  action  of 
the  single  elementary  parts.”  Today 
we  would  include  also  cell  products. 

Cell  products  are  substances  formed 
by  the  cells  which  remain  within  them 
or  are  passed  out  through  the  plasma 
membrane  in  liquid  form  to  later 
either  remain  as  fluids,  such  as  the 
blood  and  lymph,  or  to  be  coagulated 
into  solid  materials,  such  as  the  solid 
part  of  bone  or  the  cell  walls  of  plant 
cells.  A  statement  of  the  cell  principle 
would  now  run  somewhat  as  follows : 
the  unit  of  plant  and  animal  organ¬ 
ization  is  the  cell,  and  all  plants  and 
animals  are  composed  of  cells  and 
their  products,  a  cell  being  defined  as 
a  nucleated  mass  of  protoplasm  ca¬ 
pable  of  carrying  on  its  own  vital 
activities. 

We  must  picture  organisms,  plants 
of  all  kinds  including  the  largest 
trees  and  the  most  delicate  flowers, 
animals  from  the  simple  jellyfish  to  higher  forms  like  the  dog,  cat,  or 
elephant,  and  even  the  human  body  as  made  up  entirely  of  small  micro¬ 
scopic  cells  and  substances  formed  by  them.  Each  of  these  cells  carries 
on  its  own  vital  activitii's,  (le|)('nding,  however,  to  a  considerable  extent, 
on  the  activities  of  the  c(‘Ils  around  it. 

One  may  ask.  Why,  in  general,  is  the  protoplasm  in  a  plant  or  animal 
partitioned  into  cells?  d’he  ((lu'stion  may  mean.  Is  there  a  physical 
necessity,  proto|)lasm  being  what  it  is,  for  the  partitioning?  l"he  answer 
to  this  would  sei'in  to  Ik*  that  tlu'  organization  and  differentiation  found 
in  animals  and  plants  could  not  I'xist  in  any  but  the  smallest  or  simplest 
of  tfuan  if  th(‘  living  mat(‘rial  w(‘r(‘  abk'  to  flow  freely  and  at  random 
throughout  th(‘ir  bodies.  'I’h(‘  (juestion  may  also  mean,  What  advantage 
or  advantages  accrue  to  the  organism  from  the  cellular  organization? 


Fig.  4:2  The  first  published  illustra¬ 
tion  showing  the  cellular  structure  of  a 
tissue.  .‘\  section  of  a  piece  of  cork  as 
seen  by  Robert  Hooke  with  his  micro¬ 
scope.  Reproduction  of  an  illustration 
in  his  Micrngraphia^  published  in  1665. 
From  Smith,  Overton,  et  al.^  Textbook 
of  General  Botany^  The  Macmillan  Com¬ 
pany. 
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Among  the  advantages  are  (a)  the  opportunity  tor  specialization  and 
differentiation  of  the  cells  to  form  tissues  carrying  on  diliercnt  functions 
in  the  organism  such  as  digestion,  contraction,  and  sensation,  and  {b)  the 
insurance  against  total  injury,  since  if  some  ot  the  cells  are  injured  the 
injury  to  the  living  material  may  be  confined  to  the  injured  cells. 

The  importance  of  the  cell  principle  can  scarcely  be  overemphasized. 
In  all  branches  of  biological  science  it  is  becoming  more  and  more 
evident  that  “the  key  to  every  biological  problem  must  finally  be  sought 
in  the  cell.”  The  cell  principle  has  “opened  far-reaching  new  vistas  of 
progress  in  physiology  and  revolutionized  our  views  of  vital  action,  in 
health  and  in  disease.  ...  By  force  of  hal)it  we  still  continue  to  speak  of 
the  cell  ‘theory’  but  it  is  a  theory  only  in  name.  In  substance  it  is  a 
comprehensive  general  statement  of  fact  and  as  such  stands  to-day 
beside  the  evolution-theory  among  the  foundation-stones  of  modern 
biology.”  ^ 

In  1858,  twenty  years  after  the  announcement  of  the  cell  principle, 
the  pathologist  Virchow  stated  a  .second  almost  eciually  important  prin¬ 
ciple  in  the  simple  words  Ornnis  cellula  c  cellula  every  cell  from 
a  cell.  Subsequent  investigations  of  the  reproduction,  growth,  and  de¬ 
velopment  of  plants  and  animals  have  firmly  established  this  principle. 
Further,  we  now  know  that  a  cell  gives  rise  to  another  cell  only  by  a 
process  of  division  in  which  the  division  of  the  nucleus  precedes  the 
division  of  the  entire  cell. 

2.  CELL  DIFFERENTIATION 

Except  in  certain  special  cases,  which  need  not  be  discus.scd  at  this 
point,  somewhere  in  its  life  cycle  every  plant  and  every  animal  exists  as 
a  single  cell  —  a  fertilized  egg  cell.  When  a  multicellular  organism  is 
formed  from  this  fertilized  egg,  the  cells  of  the  body  of  the  organism  arc 
the  result  of  repeated  cell  division  beginning  with  the  division  of  the  fer¬ 
tilized  egg  cell.  The  differentiation  and  specialization  of  the  cells  pro¬ 
ceed  as  they  multiply  and  take  up  their  positions  in  the  new  organism. 
In  the  early  embryonic  stages  of  plants  and  animals  the  cells  are  much 
alike  and  undifferentiated.  As  the  organs  are  formed,  the  cells  develop 
the  particular  structure  peculiar  to  the  cells  of  the  tissue  of  which  they 
form  a  part  (Fig.  15:1).  In  all  organisms  certain  cells  remain  undiffer¬ 
entiated.  Some  of  these  cells  become  the  reproductive  cells  which  later 
develop  into  eggs  or  sperm  while  still  others  stay  ready  to  take  part  in 

^  Quotations  from  E.  B.  Wilson,  The  Cell  in  Development  and  Heredity,  The  Macmillan  Com¬ 
pany,  New  York,  1928. 
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the  repair  of  injury,  or  replacement  of  parts  lost,  during  the  life  of  the 
plant  or  animal.  As  the  cells  of  an  animal  or  plant  become  more  and 
more  highly  differentiated  they  seem  to  lose  the  power  to  divide  so  that 
the  more  highly  differentiated  cells  such  as  those  of  the  nervous  system 
do  not  increase  in  number  after  a  certain  stage  (Figs.  36:4  and  36:5). 

3.  THE  SHAPES  AND  SIZES  OF  CELLS 

A.  THE  SHAPES  OF  CELLS 

When  cells  occur  in  a  tissue  they  may  fit  closely  together  and  occupy 
most  of  the  space  available,  as  occurs,  for  example,  in  cork,  in  the  woody 
tissue  of  plants,  and  in  the  muscle  tissue  of  animals,  or  the  cells  may  be 
more  or  less  widely  separated,  the  spaces  between  them  filled  with  in¬ 
tercellular  materials  in  the  form  of  liquids  or  solids  as  in  the  connective 
tissue  of  animals  or  with  air  as  in  the  spongy  tissue  of  the  leaves  of  plants. 
Where  the  cells  are  packed  closely  together  the  surfaces  of  adjacent  cells 
form  facets  with  angular  boundaries  between  the  cells.  In  many  cases 
the  shape  of  a  cell  is  clearly  related  to  its  function.  Covering  cells  such 
as  the  epidermis  cells  of  plants  and  animals  are  flattened,  thus  increas¬ 
ing  the  surface  which  is  covered.  I  hc  storage  cells  of  plants  and  animals 
are  approximately  the  same  dimension  in  all  directions,  thus  providing 
maximum  volume  with  minimum  surface.  Similarly  egg  cells  when 
without  rigid  walls  and  when  suspended  freely  in  a  liquid  tend  to  be¬ 
come  spherical.  T'lu*  cells  of  })lants  which  conduct  the  sap  and  food 
materials  are  elongated,  increasing  the  rate  of  conduction.  1  he  muscle 
fibers  of  animals  are  also  (‘longated  in  this  case,  increasing  the  extent  of 
contraction.  Crlls  (‘ndow(‘d  with  movement,  such  as  the  white  corpuscles 
of  the  blood,  tend  to  change  their  shajK'.  T'h(‘  nerx’e  cells  of  animals  luu  e 
long,  fin(‘  branching  processes  olfi'n  extending  to  rel.niv('ly  great  dis¬ 
tance's  for  the  conduction  of  nerve  imj)ulses. 

B.  CELL  SIZE 

(!ells  vary  gr(*atly  in  si/(‘  but  in  most  case's  the'y  an'  microscopic.  Hk' 
unit  of  mi(’ros(’opic  dimensions  is  the  micron,  designaU'd  by  tlu'  Circ'ck 
k'tter  M,  and  eejiial  to  O.OOl  millimcU'r,  a  millinu'te'r  lu'ing  approxi¬ 
mately  .2V  4:3).'  'The  diamelcr  of  tiu'  period  at  the  ('nd  of  this 

sentence*  is  a|)proximately  0.5  millimeter  oi*  500m-  I  he*  smalk'st  e'e'lls  arc' 
probably  those  of  bae'te'ria.  ( )ne  ol  the*  smalle'st  ol  the'.sc'  is  give'n  as  0.15^ 
in  (liamete'r  and  ().3^i  in  length.  lk)i-  the*  large'St  ce'lls  one*  must  turn  to  the' 
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“yolk”  of  the  eggs  of  the  larger  birds  and  reptiles.  The  yolk  attains  its 
full  size  in  the  ovary  and  as  it  leaves  the  ovary  and  before  it  begins  to 
develop  consists  of  a  single  cell  which  may  reach  several  centimeters  in 
diameter.  The  cells  in  the  tissues  of  plants  and  animals  are  usually  small 


Inch  Centimeter  Millimeter 

Fig.  4:3  One  inch,  one  centimeter,  and  one  millimeter  to  show  actual  sizes. 

and  invisible  to  the  unaided  eye.  Thus  the  cells  of  the  leaf  of  Elodea 
illustrated  in  Fig.  4:7  average  150  X  40  X  30m  and  their  nuclei  10m  in 
diameter.  The  tissue  cells  of  the  human  body  average  10  to  20m  in  diam¬ 
eter.  The  red  corpuscles  of  the  blood  are  of  uniform  shape  and  size  and 
have  a  diameter  of  7.5m.  Large  nerve  cells  may  measure  over  100m,  not 
including  their  nerve  processes  which  may  extend  for  almost  1  meter 
(39  inches). 

4.  TECHNIQUES  FOR  THE  STUDY  OF  CELLS 
A.  OBSERVATION  OF  THE  LIVING  CELL 

Since  the  chief  object  in  studying  cells  is  to  learn  how  they  carry  on 
their  living  processes,  the  best  technique  would  be  one  in  which  the 
cells  were  kept  alive  under  conditions  approaching  as  nearly  as  possible 
those  in  which  they  spend  their  normal  existence.  In  the  case  of  plants 
or  animals  consisting  of  a  single  or  only  a  few  cells  this  can  be  approxi¬ 
mately  attained  by  placing  the  organism  in  water,  or  the  liquid  in  which 
it  lives,  on  a  glass  slide  and  examining  it  under  the  microscope.  How¬ 
ever,  when  the  attempt  is  made  to  study  the  cells  of  a  larger  plant  or 
animal,  especially  those  from  the  interior  of  its  body,  difficulties  are 
encountered  and  special  techniques  required. 

(1)  TISSUE  CULTURE 

Of  recent  years  methods  have  been  devised  for  keeping  the  cells  of  the 
higher  plants  and  animals  alive  outside  the  plant  or  animal  body  under 
conditions  in  which  they  grow  and  multiply.  In  such  cultures  the  cells 
can  be  conveniently  observed  under  the  microscope.  Most  success  has 
been  attained  by  starting  with  the  relatively  undifferentiated  cells  of 
embryos  or  young  individuals.  A  culture  of  cells,^  obtained  from  a 
piece  of  the  heart  of  an  embryo,  started  by  Alexis  Carrel  in  1912  is  still 

^  The  cells  are  fibroblasts,  a  common  type  of  cell  in  connective  tissue.  There  is  a  popular 
idea  that  Carrel  has  kept  alive  a  chicken’s  heart  for  34  years.  This  is  of  course  not  so.  What 
he  has  kept  alive  is  a  culture  of  some  of  the  relatively  undifferentiated  cells  from  an  embryo 
heart. 
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growing  in  1946,  that  is,  34  years  later.  The  cells  grow  rapidly,  each 
cell  dividing,  on  an  average,  twice  in  48  hours.  The  individual  character¬ 
istics  of  the  tissue  are  maintained  with  little  variation  and  the  culture 
has  afforded  material  for  numerous  investigations. 

In  the  case  of  the  Carrel  culture  of  fibroblasts  and  similar  cultures 
the  cells  are  kept  alive  in  a  culture  medium  in  a  glass  vessel  entirely 
apart  from  the  animal  or  the  tissue  from  which  they  were  originally 
obtained.  Such  a  culture  is  said  to  be  an  in  vitro  (L.  vitrum^  glass)  culture. 


Fig.  4:4  The  moist  chamber,  hanging  drop,  and  needles  used  in  microdisscction. 


Where  this  method  of  culture  is  unsuccessful  or  undesirable  another 
method  called  in  vivo  culture  may  be  used.  In  this  method  the  cells  are 
cultivated  in  the  tissue  of  another  animal  or  plant  or  embryo.  The  cells 
to  be  cultivated  are  transferred  to  the  other  organism  under  sterile  con¬ 
ditions,  i.c.,  conditions  which  prevent  infection,  and  arc  implanted  in 
the  tissue  of  the  “host”  organism,  preferably  where  they  can  be  kept 
under  observation. 

(2)  MICRODISSECTION 

Individual  cells  are  much  too  small  to  Ix'  handled  or  dissected  by  the 
usual  methods.  I  lowevcT,  a  number  of  dillerent  instruiiK'nts  have  been 
devised  to  move,  |)ierce,  (ut,  and  inject  cells  under  the  miero.scojx'. 
Such  work  is  calk'd  mierodissc'ction.  L^sually  the  ec'lls  are  placed  in  a 
hanging  drop  on  the  und('rsid(‘  of  a  glass  slide.  (^lu'  or  more  very  line 
glass  needh's  are  moved  by  means  of  liiu'  serc'ws  or  levc'is,  or  a  combina- 
ti(jn  of  th('  two,  so  as  to  ap|)ro<ieh  th('  cells  through  the  undersidt'  (.)! 
the  drop  (lug.  4:4).  By  substituting  a  vc'ry  line  ghiss  tube*  for  one  ol  the 
needles,  materi.ils  or  parts  can  be  sucked  from  the  cell  or  solutions  can  1k' 
i  nice  ted  into  the  cell. 
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B,  FIXATION 

When  a  cell  dies  its  structure  changes  and  the  protoplasm  may  dis¬ 
integrate  and  dissolve  into  the  surrounding  medium.  IT  die  structure  of 
the  cell  is  to  be  preserved,  the  protoplasm  must  be  killed  in  such  a  way 
as  to  coagulate  it  quickly.  The  protoplasm  is  then  said  to  be  fixed.  This 
may  be  brought  about  by  heat  or  by  chemicals  such  as  formaldehyde  or 
corrosive  sublimate.  When  the  cell  has  been  fixed,  it  may  be  preserved 
in  a  transparent  liquid,  or  be  impregnated  w^ith  a  material  such  as 
Canada  balsam  which  becomes  a  transparent  solid,  and  mounted  on  a 
glass  slide. 

C  STAINING 

To  make  visible  differences  in  the  protoplasm  or  included  bodies  in 
the  cell,  it  is  frequently  necessary  to  use  certain  dyes  or  stains  which 
color  some  of  the  structures  and  not  others.  Some  of  thc.se  dyes  can  be 
used  on  the  living  cell  and  arc  called  vital  stains,  others  can  be  used 
only  on  fixed  material. 

D.  SECTIONS 

For  the  study  of  tissues  from  different  parts  of  the  body  it  is  frequently 
necessary  to  make  extremely  thin  sections.  A  piece  of  tissue,  after  being 
fixed,  is  infiltrated  with  paraffin  w^ax  or  cclloidin  to  make  it  of  a  consist¬ 
ency  suitable  for  cutting.  The  sectioning  is  done  with  an  exceedingly 
sharp  razor  in  a  special  apparatus  called  a  microtome.  With  this  tech¬ 
nique  it  is  usual  to  make  sections  of  3  to  10  /x  in  thickness  w'hich  is  less 
than  the  thickness  of  the  average  cell.  With  special  care  sections  of  1  ii 
or  less  can  be  made.  Such  sections  may  be  stained  and  mounted  in  a 
transparent  material  such  as  Canada  balsam.  When  sections  must  be 
made  in  the  shortest  possible  time,  as  for  diagnosis  in  pathological 
laboratories,  the  tissue  may  be  frozen  and  sectioned  in  that  form. 

5.  THE  CELL,  A  GENERAL  DESCRIPTION 

It  is  convenient  to  begin  with  a  general  account  of  the  cell.  This 
account  will  include  mention  of  all  of  the  more  important  structures 
occurring  in  cells,  and  will  facilitate  the  description  of  the  different 
types  of  cells  in  the  sections  to  follow.  Probably  no  living  cell  corre¬ 
sponds  exactly  to  this  generalized  cell  and  certainly  in  many  cells  not  all 
of  the  structures  here  described  have  been  seen  (Fig.  4:5). 
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The  first  part  of  the  cell  to  be  discovered  was  the  cell  wall,  seen  first 
in  plant  cells.  Here  the  wall  is  composed  usually  of  a  carbohydrate 
called  cellulose,  but  other  substances  may  be  incorporated  with  the 
cellulose  or  the  cellulose  may  be  replaced  by  a  different  compound. 
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Fig.  4:5  A  g(“ncraliz<‘(l  diagram  of  a  (dl.  It  .sliDuld  lx*  nntircd  that  rarely  if  ever  do  all 
the  cell  structures  shown  appear  together  in  the  same  cell  .it  the  same  time,  .\fter  I..  R. 
Wilson,  The  Tell,  T  he  Macmill.m  Clompany. 


f’rccjticndy  in  plant  (isstu's  (Ik*  |)r()toplastn  di(‘s  and  leaves  only  the  cell 
walls,  dhis  is  tlu'  cast*  in  woody  tissue,  (‘.\eej)t  in  the  e.irly  stages  ol  its 
formation,  and  in  cork.  Animal  cells  are  nsiially  dt'void  ol  any  rigitl 
otit(‘r  covering  similar  to  (he  e('lhilos(‘  walls  ol  plants,  .ilthongh  they  may 
be  covered  with  variotis  nonlix'ing  membraiu's  and  rtd.tin  a  dt'linitt' 
sha|)e.  In  some  ('ases,  inlereelhilar  stil tstaiu'es  may  be  lorim'd  so  that  th(' 
individtial  e(dls  are  widely  st'parated.  This  ot'etirs  in  ('artil.ige  and  boiu'. 

Th(‘  living  part  of  the  cell  is  ('.tiled  (he  protoplast.  1  h('  pro(oplas(  is 
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divided  into  the  cytosome  (Gr.  kuios,  cell  +  soma,  body)  and  the  nucleus 
(plural,  nuclei,  L.  a  kernel) d 

A.  THE  CYTOSOME 

The  protoplasm  of  the  cytosome  is  called  the  cytoplasm.*  The  cyto¬ 
plasm  is  always  surrounded  by  a  plasma  membrane,  d  his  membrane 
is  extremely  thin,  being  probably  at  most  only  a  few  molecules  in  thick¬ 
ness  and  is  under  ordinary  circumstances  not  visible  with  even  the 
highest  powers  of  the  microscope.  It  is  regarded  as  a  portion  of  the 
living  protoplasm  and  is  not  to  be  confused  with  the  cell  wall  of  plant 
cells  or  the  nonliving  membranes  of  animal  cells  with  both  of  which  it 
may  be  in  close  contact.  Not  being  visiljle,  its  presence  can  be  demon¬ 
strated  only  indirectly.  It  can  be  separated  from  the  cell  wall  in  plant 
cells  by  plasmolysis,  a  phenomenon  to  i)c  described  later,  but  is  most 
clearly  demonstrated  in  microdisscction.  By  this  method  it  can  be  shown 
“that  the  plasma  membrane  is  of  firm  or  even  tough  consistency,  in 
some  cases  elastic,  and  offers  considerable  resistance  to  mechanical 
injury.” 

The  cytoplasm  may  be  differentiated  into  several  tyj^es  of  formed 
bodies,  called  organoids,  which  arc  specialized  to  perform  special 
functions.  Also  contained  in  the  cytosome  ^  arc  various  nonliving  bodies 
in  the  form  of  granules,  globules,  or  crystals,  to  which  the  term  meta¬ 
plasm  (Gr.  meta,  between)  may  be  applied,  d'hese  consist  of  stored 
food  material,  preliminary  stages  in  the  manufacture  of  secretions,  or 
waste  materials.  The  nature  and  the  finer  structure  of  protoplasm  will 
be  discussed  in  a  later  chapter.  It  should,  howev’cr,  be  emphasized  that 
protoplasm  is  not  a  single  chemical  substance  but  a  very  complicated 
mixture  of  a  number  of  different  chemical  substances  and  that  the  chem¬ 
ical  substances  and  the  manner  in  which  they  occur  in  the  mixture 
probably  differ  in  each  species  of  animal  and  plant.  Further,  the  proto- 

^  The  question  is  frequently  raised  whether  there  are  cells  without  nuclei  or  whether  a  mass 
of  protoplasm  without  a  recognizable  nucleus  can  be  called  a  cell.  For  example,  the  human 
red  corpuscles  in  the  peripheral  circulation  are  without  nuclei.  However,  at  the  time  of  their 
origin  they  are  nucleated  and  they  lose  their  nuclei  only  when  they  become  specialized  as 
containers  of  the  red  pigment  haemoglobin  which  acts  as  a  carrier  of  oxygen.  Another  case  is 
that  of  the  cells  of  bacteria  and  some  of  the  lower  algae.  Bacteriologists  and  microbiologists  arc 
not  in  complete  agreement  as  to  what,  if  any,  structure  or  structures  constitute  the  nucleus  in 
these  cells. 

2  The  term  protoplasm  is  sometimes  used  as  equivalent  to  cytoplasm.  It  seems,  however, 
better  to  retain  it  in  its  original  meaning  to  include  all  the  living  material  in  the  cell. 

^  The  words  “cytosome”  and  “cytoplasm”  are  by  some  authors  used  synonymously.  Here 
the  term  cytoplasm  is  reserved  for  the  living  material  in  the  cytosome. 
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plasm  of  the  different  cells  of  the  same  individual  is  not  exactly  the  same, 
nor  is  the  protoplasm  the  same  at  all  stages  in  the  life  of  the  cell.  Activity* 
implies  change,  and  activity  is  the  very  essence  of  life.  Under  normal 
conditions  the  protoplasm  of  all  organisms  is  in  a  constant  state  of  flux. 

(1)  CELL  ORGANOIDS 

Among  the  more  frequent  and  important  of  cell  organoids  are  the 
following:  plastids,  chondriosomes,  Golgi  bodies,  vacuoles,  flbrfllar  or¬ 
ganoids,  and  the  central  bodies. 

Plastids  (Gr.  plastes.^  one  who  molds)  are  almost  entirely  confined  to 
plant  cells  but  are  occasionally  found  in  some  of  the  lower  animals.  They 
are  centers  of  chemical  activity  and  vary  in  size  and  shape.  They  have  been 
shown  to  multiply  by  division  within  the  cell  but  appear  also  to  arise  by 
differentiation  directly  from  the  cytoplasm.  Some  of  them  are  colorless 
and  are  then  called  leucoplasts  (Gr.  leukos,  white).  The  majority  are 
colored  by  contained  pigments  and  are  hence  called  chromoplastids  ^ 
(Gr.  chroma^  color).  The  commonest  chromoplastids  arc  those  which 
contain  chlorophyll,  the  green  pigment  of  plants  which  plays  an  impor¬ 
tant  role  in  the  process  of  photosynthesis,  leading  to  the  formation  of 
sugar.  These  arc  called  chloroplastids  or  chloroplasts. 

Chondriosomes  ^  (Gr.  chondros^  a  granule  -f  soma,  a  body)  take  the 
form  of  small  granules,  rods,  or  filaments  which  are  found  rather  gen¬ 
erally  in  both  animal  and  plant  cells,  d  hey  are  of  low  refractive  index 
but  can  be  seen  in  the  living  cell.  Most  ch.iracteristic  is  their  reaction  to 
certain  stains.  Little  is  known  regarding  their  function.^ 

dhc  Golgi  network  ‘  is  likewise  distinguished  by  its  form  and  stain¬ 
ing  reactions.  It  frecjuently  occurs  as  a  iK'twork  surrounding  or  on  one 
side  of  the  nucleus.  It  has  betai  found  in  a  variety  of  animal  tissues, 
especially  in  nerve  cells.  The  fuiu  tion  of  the  Golgi  network  is  apparently 
related  to  the  fat  and  protein  metabolism  of  the  cell. 

In  the  ca.se  of  vacuoles  interest  attaches  to  the  surrounding  membrane, 
which  would  seem  .somewhat  simil.ir  to  the  pl.isina  m('ml)rane  but 
formed  internally,  and  to  the  conttaits  of  the  vacuoh'.  X'acuoles  may 
contain  material  to  be  digested  and  absorbed  into  the  cytopl.ism  or  they 
may  contain  waste  |)rodu(Ms  to  be  extiuded. 

*  I'lif*  »ri  111  rliroinatopluirc  ((^r.  pharos,  onr  who  l>r.irji)  is  somrtimrs  used  .is  .i  .sviionvin  lor 
“cliroinopl.isl ill,"  lint  tlir  l.itirr  is  thr  hrttrr  urnrr.il  term  siiirr  "  i  lirom.itophorr"  is  usnl  with 
?|>r(  i,il  rrfrmii  r  to  thr  pl.istidsot  Alj^.ir  .iiitl  is  .ilso  usnl  for  i  rrt.iiii  jiininriil  cclh;  in  .mini. its. 

^  Also  (  .illnl  iiiitorhorKlri.i  ((Ii.  mi/ot,  .i  thir.ul  |  -horulros,  .1  gr.iniilc). 

’  (  )nr  .luthority  h.is  m.iinl.iinnl  th.it  they  .ii  r  h.ii  tn  i.i. 

*  .So  ii.imnl  iiflcr  its  iliscovn rr,  thr  It.ilian  neurologist  Uolgi. 
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Fibrillar  organoids  a/e  fibers  which  extend  in  a  definite  direction  in 
the  cell  and  may  be  supporting,  contracting,  or  conducting  elements. 
Supporting  fibrillae  are  found  in  flagellate  Protozoa  and  in  ciliated  cells. 
Contracting  fibrillae  are  characteristic  of  muscle  fibers,  especially  stri¬ 
ated  muscle  fibers.  Fibrillae  occur  generally  in  nerve  cells  and  are  prob¬ 
ably  present  in  other  less  specialized  cells. 

Flagella  (L.  flagellum,  a  whip)  and  cilia  (L.  cilium,  a  hair)  arc  long, 
thin  cytoplasmic  processes  extending  outward  from  the  cxpo.scd  surface 
of  a  cell  and  used  either  for  locomotion  or  to  produce  a  current  of  liquid 
over  a  surface.  The  processes  are  called  flagella  when  they  arc  relatively 
long  and  the  cell  bears  only  a  few  of  them.  They  are  called  cilia  when  they 
are  relatively  short  and  numerous.^  Cilia  usually  beat  back  and  forth  in 
unison,  while  flagella  lash  about  independently. 

The  cells  of  most  of  the  higher  animals  and  of  many  of  the  lower 
animals  contain  a  structure  called  the  central  body  or  centrosome 
which  is  usually  located  near  the  nucleus.  Frequently  the  central  body 
contains  one,  or  more  often  two,  deeply  staining  central  portions  called 
centrioles  surrounded  by  a  faintly  staining  ccntrospherc.  Central 
bodies  apparently  do  not  occur  in  the  cells  of  the  higher  plants.  An  im¬ 
portant,  but  not  the  only  function,  of  the  central  body  seems  to  be  the 
part  which  it  plays  in  the  division  of  the  nucleus.  In  th’s  connection  it 
will  come  up  for  further  discussion  in  a  later  section. 

(2)  THE  METAPLASM 

The  metaplasm  consists  of  nonliving  materials  deposited  in  the  cyto¬ 
plasm.  Its  commonest  form  in  plants  is  starch  which  is  stored  in  the  form 
of  somewhat  irregular,  usually  ovoid  granules  of  varying  size.  A  com¬ 
pound  known  as  glycogen,  similar  in  chemical  composition  to  starch,  takes 
the  place  of  the  latter  in  animals.  It  may  occur  in  the  form  of  granules  or 
in  solution  in  vacuoles.  Proteins  may  be  stored  in  the  form  of  granules 
but  they  usually  occur  in  colloidal  suspension,  a  form  to  be  considered 
later.  In  eggs  the  metaplasm  usually  takes  the  form  of  yolk  granules  or 
oil  globules.  In  gland  cells  the  materials,  eventually  to  be  secreted,  are 
often  first  formed  in  the  cell  as  secretory  granules.  In  some  plants  crystals, 
usually  of  calcium  salts,  occur.  The  cell  sap  in  the  vacuoles,  especially 
of  plant  cells,  is  to  be  regarded  as  metaplasmic.  It  frequently  contains 
pigment.  The  colors  of  most  fruits  are  due  to  pigments  dissolved  in  the 
cell  sap. 


1  The  term  cilium  is  generally  used  by  botanists  for  both  types  of  processes. 
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8.  THE  NUCLEUS 

The  present  description  applies  to  the  nucleus  only  during  what  is 
referred  to  as  the  resting  stage,^  i.e.,  the  stage  in  which  it  is  not  in  the 
process  of  division.  In  the  living  state,  the  nucleus  usually  appears  as  a 
rounded  body,  bounded  by  a  delicate  nuclear  membrane,  and  without 
visible  structure  except  for  the  presence  of  one  or  more  smaller  rounded 
bodies  within  it  called  nucleoli.  Its  substance  in  this  state  shows  the 
properties  of  a  liquid.  When  fixed  and  stained,  the  coagulated  nucleus 
shows  a  somewhat  complicated  structure.  In  addition  to  the  nucleoli, 
which  may  stain  deeply,  a  framework  or  reticulum  becomes  evident. 
The  modern  conception  regards  the  reticulum  as  composed  of  a  single 
substance  and  attributes  the  variations  in  its  stainability  to  different 
physiological  conditions.  For  this  single  substance  the  term  chromatin 
has  been  retained  but  some  authors,  to  avoid  ambiguity,  prefer  the  newer 
term  Karyotin. 

Some  of  the  functions  of  the  nucleus  have  been  made  clear  by  depriv¬ 
ing  cells  of  their  nuclei  by  microdissection  or  by  other  methods.  Such 
experiments  on  plant  cells  have  shown  that  the  formation  of  the  cell 
wall,  the  manufacture  of  food  substances  and  the  utilization  of  food 
substances  in  the  cell,  and  the  growth  of  the  cytoplasm,  while  not  de¬ 
pending  directly  on  the  nucleus,  depend  for  their  occurrence  on  the 
presence  or  absence  of  substances  formed  in  collaboration  with  the 
nucclus.  Animal  cells  seem  bc'tter  suited  to  experimentation.  It  is  pos¬ 
sible  by  using  a  rather  delicate  technic[uc  to  cut  an  amoeba  in  two 
under  the  microscope  so  that  oiu'  part  cont<uns  the  nucleus  intact  and 
the  other  is  without  a  nucleus.  In  this  exj)('riment  it  is  found  that  the  part 
containing  the  nucleus  continues  to  live  and  to  carry  out  all  th('  activities 
of  a  normal  amo(‘ba,  including  growth  and  reprodiK  tion.  The  p^n't  with¬ 
out  a  nucleus  does  not  di(‘  immediatc'ly  but  may  liv('  for  days,  carrying 
on  many  of  the  normal  a('tiviti(‘S  of  an  amo(*ba,  semding  out  pseudo[X)di.i, 
ingesting  and  (lig(‘sting  food,  r('sj)iring  and  la'sponding  to  stimuli.  1  low- 
ev(‘r,  such  a  j)orlion  ('onsisting  of  ('ytoj)lasm  only  s(‘('ms  to  Ix'  incapable' 
of  growth  or  of  dividing  to  form  lU'w  indi\  iduals,  and  in  tlu'  course  of 
time'  (lie's. 

'  Sint  r  (he  him  Irus  irndfiKors  its  most  ( {)tis|>i<  nous  <  li.m^rs  jtist  prrx  ions  to  aiul  clm  in^ 

(  f'll  (livi  the  term  '‘trstin^'  st.it^r”  lias  licrii  applinl  to  its  i-oiulitioii  in  tlu'  ix*!  ioil  iM'lwcni 

(livisiotis.  Alllioiit'li  the  mu  Umis  m.iy  t.ikc  an  active-  p.irt  in  the-  growth  and  inctaliolism  ol  tlir 
<  cll,  its  moHl  imiiortanl  role  is  liclie-vcd  to  lx-  in  tlic  di\  ision  .ind  irprodiu  tion  ol  tlir  i  rll.  I  low- 
cver,  some-  I )iol< iv'ists  iircle  r  to  use  the  term  “ vcv’ct .it i\ e-  st.iejr”  in  |)l.ur  ol  “^^stin^  st.iy,r”  to 
indicate-  the  inct.iliolic  .icli\ity  ol  the  mu  Irus  e.lniin^;  this  st.i^r. 
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C.  SUMMARY  OUTLINE  OF  CELL  STRUCTURE 


The  Cell 


Cell  wall 


Protoplast 


Cytosome 


f  Plastids 


Nucleus 


Plasma  membrane 
General  cytoplasm 

Lx*ucoplasts 
Chromoplasiids, 
including 
Chloroplasts 
Chondriosomcs 
Golt^i  network 
Fibrillar  organoids 
Flagella  and  Cilia 
Central  lx)dy^ 

Nuclear  membrane 
Nuclear  sap 

j  Matrix 


Orcranoids 


Reticulum 

Nucleoli 


[  Chromatin 


Mctaplasm 

*  The  central  body  may  be  absent  or  in  the  nucleus. 


6.  SOME  TYPES  OF  PLANT  CELLS  ^ 

A  considerable  number  of  different  kinds  of  cells  occur  in  plants,  and  : 
in  the  higher  plants  these  are  arranged  to  form  tissues.  1  Icre,  however,  | 
only  a  few  types  of  plant  cells  will  be  considered  and  no  attempt  will  j 
be  made  to  cover  the  subject  of  plant  tissues. 

A.  CELLS  FROM  THE  LEAF  OF  ELODEA 

A  good  object  in  which  to  study  cells  is  the  leaf  of  Elodea.  This  plant  is 
found  in  ponds  and  sluggish  water.  It  is  a  flowering  plant  which  has 
adapted  itself  to  life  in  fresh  water  and  consists  of  a  long  branching  stem 
from  which  flat,  lance-shaped  leaves  arise.  Usually  the  stem  is  attached 
to  the  bottom  by  a  root  imbedded  in  the  mud. 

When  one  of  these  leaves  is  magnified  under  the  microscope  it  is  im¬ 
mediately  seen  to  be  composed  of  many  cells  (Fig.  4:6).  By  focusing 
the  microscope  up  and  down  it  becomes  apparent  that  the  leaf  is  made 
up  of  two  layers  of  cells  and  that  the  cells  are  fitted  together  somewhat 
like  the  bricks  in  the  side  of  a  house.  A  single  cell  greatly  magnified  is 
shown  in  Fig.  4:7.  It  is  to  be  noted  that  what  one  actually  sees  through 
the  microscope  is  an  optical  section  of  the  cell.  This  is  really  what  one 
would  see  were  the  cell  cut  with  a  sharp  knife  and  the  cut  edge  observed. 
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The  microscope  gives  us  such  an  optical  section  because  the  lenses  bring 
into  view  only  structures  which  lie  in  a  single  plane  at  right  angles  to 
the  direction  of  vision  so  that  the  picture  has  no  depth.  Thus  the  cell 
wall  which  completely  encloses  the  cell 
appears  only  as  an  outline.  The  cell  wall  is 
of  appreciable  thickness  and  is  sufficiently 
rigid  to  give  to  the  cell  a  fixed  shape,  and 
porous  enough  to  allow  water  and  other 
substances  to  pass  freely  through  it. 

Inside  the  cell  wall  is  the  protoplasm.  Sur¬ 
rounding  the  protoplasm  is  a  delicate  mem¬ 
brane,  the  plasma  membrane  which,  al¬ 
though  indicated  in  the  illustration,  cannot 
be  seen  under  the  microscope.  The  plasma 
membrane  is  separate  from  and  quite  in¬ 
dependent  of  the  cell  wall.  All  materials 
which  arc  used  by  the  protoplasm  in  build- 


Elodea  showing  the  cells  of  which 
it  is  composed.  Redrawn  after 


ing  up  its  living  substance  must  pass  Smith,  Overton,  et  a/.,  A  Text¬ 


book  of  General  Botany^  T  he  Mac¬ 
millan  Company. 


through  the  plasma  membrane,  and  it  is 
to  a  large  extent  the  plasma  membrane 
which  determines  what  goes  into  or  comes  out  of  the  cell. 

In  FJodea  the  central  portion  of  the  cell  is  filled  by  a  large  vacuole,  so 
that  the  living  protoplasm  is  in  reality  restricted  to  a  layer  extt'nding 


between  this  vacuole 
and  the  cell  wall.  A 
membrane  similar  to 
the  plasma  membrane, 
called  the  vacuolar 
membrane,  S{q)arate.s 
the  cytoplasm  from  the 
vacuole,  d’he  vacuole 
contains  a  watery  licpiid 
called  cell  .sap,  con¬ 
taining  salts  and  food 
substances  in  .solution. 

On  one  side  of  the 
cell  and  causing  the 


Cell  wall  Plasma  membrane  Intercellular  space 


Dense  cytoplasm  Nucleolus  Nucleus  Chloroplasts 
rig.  ‘\:7  ,\  rrll  from  .i  Ir.if  nf  T!  (Ea.  I  hr  pl.ism.i  iiu'm- 

Itr.mr  lirs  just  within  the  •  rll  w.ill  .md  c.mnot  Ih'  srrn 
.rs  .1  srp.ir.itr  .striKHirr.  Rrdr.iwn  .»ftn‘  .'Stnilh,  (Rrrton 
r!  at,  .1  I  exthook  of  General  Bofan),  I  hr  M.irmill.in  Coin- 
p.uty. 


cytoplasm  tobulgt'out  into  the  v.tcuoh'  is  a  rouiuh'd  l)ody,  the  nucleus. 
'This  ch'nser  portion  of  the  jtrotopl.isin  is  sej)arat('d  from  th('  cytoplasm 
by  a  nuclear  membrane.  The  nucleus  is  not  alwa\'S  easily  sram  in 
living  cells  on  act'ount  of  otht'r  st riK'tUK's  in  th('  cytoplasm  liv  which 
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dense  body,  the 


it  may  be  obscured.  It  often  contains  a  small 

nucleolus. 

The  study  of  the  individual  cells  shows  that  the  green  color  of  the 
Elodea  plant  is  due  to  numerous  small  oval  bodies  floating  in  the  cyto¬ 
plasm.  These  bodies  arc  chloroplasts  and  they 
are  regarded  as  a  living  part  of  the  protoplasm; 
their  green  color  is  due  to  the  chlorophyll.  If 
one  of  the  chloroplasts  already  mentioned  is 
watched  in  a  living,  active  cell  it  will  be  seen 
to  move  around  the  cell,  up  one  side,  across 
the  end,  down  the  other  side,  and  across  the 
other  end,  as  in  dancing  an  old-time  barn 
dance.  The  chloroplasts  are  not  themselves 
motile,  they  are  merely  carried  along  in  the 
cytoplasm  which  has  a  streaming  movement. 
This  movement  of  the  cytoplasm  is  called 
cyclosis;  it  probably  helps  in  distributing 
materials  in  the  cell. 


B.  A  CELL  FROM  THE  TIP  OF  A  ROOT 


Fig.  4:8  A  cell  from  the 
embryonic  region  of  the  root 
tip  of  the  garden  pea,  Pisi/m 
sativum,  showing  leucoplasts 
in  different  stages  of  devel¬ 
opment.  The  leucoplasts 
appear  as  comma-shaped 
structures  containing  small 
colorless  starch  grains.  The 
granules  and  fine  hair-like 
structures  in  the  cytoplasm 
are  chondriosomes.  From 
D.  M.  Mother,  A  Textbook 
of  Botany  for  College  Students, 
P.  Blakiston’s  Son  &  Com¬ 
pany,  Inc. 


A  cell  from  the  root  of  the  garden  pea 
{Pisum  sativum)  will  serve  to  show  some  of  the 
cytoplasmic  inclusions  found  in  cells  (Fig.  4:8). 
Such  a  cell  is  colorless  and  is  concerned  with 
the  storage  rather  than  the  manufacture  of  food 
materials.  This  is  indicated  by  the  presence  of 
leucoplasts  and  by  the  starch  grains  associated 
with  them.  In  the  cytosome  are  chondriosomes 
which  have  the  form  of  granules  and  threads. 
A  nucleolus  is  present  in  the  nucleus.  The 
cell  wall  is  thin  and  the  plasma  membrane  is 
not  indicated. 


C  CELLS  OF  THE  CONDUCTING  TISSUE  OF  A  PLANT  STEM 

A  different  type  of  cell  is  seen  in  the  conducting  tissues  of  plants.  One 
kind  of  cell  through  which  food  material  is  conducted  is  called  a  sieve 
tube  (Fig.  4:9).  A  sieve  tube  consists  of  elongated  cells,  the  end  walls  of 
which,  called  sieve  plates,  contain  minute  perforations  through  which 
pass  strands  of  cytoplasm,  connecting  the  protoplast  with  the  protoplast 
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of  the  cell  above  and  below  it.  The  protoplasts  of  mature  sieve  tubes  are 
without  nuclei.  Their  cytoplasm  may  contain  plastids.  In  some  cases, 
cells  called  companion  cells  are  associated  with  the 
sieve  tubes.  These  cells  contain  nuclei. 


'  V ' 


/V 


D.  THE  CELL  OF  A  SINGLE-CELLED  PLANT 

The  cell  of  a  single-celled  alga,  Chlamydomonas,  shows 
certain  features  not  seen  in  the  previous  cells  (Fig.  4:10). 
The  entire  plant  consists  of  a  single  cell  which  swims 
about  in  water  by  means  of  two  large  flagella  ^  at  one 


I  V 


•Hi/ 

Fig.  4:9  C:(‘lls 
from  the  conduct¬ 
ing  tissue  of  the 
stem  of  the  tobacco 
plant,  Nicntina  la- 


Fig.  4:10  A  singlc-ccllcd  plant,  Chlamydomonas  angulosa.  From  O. 
M.  Motticr,  A  1  exthnok  nj  Botany  for  College  Students,  P.  Blakiston's 
Son  &  Company,  Inc. 

end.  Near  wlicrc  the  flagella  join  the  body  arc  two 
contractile  vacuoles  which  expel  their  contents  at  in¬ 
tervals.  Not  far  from  these  is  an  eyespot,  eontainintt 
a  red  pigment  and  sensitive  to  light.  There  is  a  single 
large  U-shaped  ehloroplast  containing  a  starch-forming 
body  called  a  pyrenoid. 

7.  TYPES  OF  ANIMAL  CELLS 


I n  th(‘  higher  animals  livt'  kinds  of  fundamtmtal  tissues 

harurn,  showing  on  art'  rt't'oguizetl :  t'pithelial  tissiK',  suj)|)()rting  tissue,  mus- 
(he  right  a  sieve 

tube  and  on  (Ik'  '  in  botany  texts.  See  note,  |).  98. 

left  a  companion 

cell.  'I'he  protoplasm  in  the  sieve  tube  takes  the  form  of  a  str.md  extending  from  (md 
to  end  of  the  cell  and  is  without  .1  nu(  leus.  Ihe  protopl.ist  of  the  long  shmeh'r  companitin 
cell  ot)  the  left  of  th('  sieve  tiilx'  liils  the  cell  .md  cont.iins  a  nucletis.  From  1\.  M.  1  U)l- 
rnan  and  W.  VV.  Robbins,  .1  I  exthook  of  Cenrral  /yo/r;r/)',  John  Wiley  tS:  Sons,  hic. 
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cular  tissue,  nervous  tissue,  and  vascular  tissue.  This  classification  is  1 
based  on  the  functions  of  the  cells  and  the  tissues,  although  with  the  i 
differences  in  function  are  correlated  pronounced  differences  in  structure.  . 

A.  EPITHELIAL  CELLS 

Epithelial  tissue  is  essentially  a  covering  tissue.  It  covers  the  surface  : 
and  lines  the  cavities  of  the  body.  A  section  of  the  columnar  epithelium  i 

lining  the  intestine  of  the  mouse  i 
will  serve  as  an  example  (Fig. 
4:11).  The  cells  have  the  shape 
of  irregular  tall  prisms  with 
their  long  axes  at  right  angles 
to  the  surface  of  the  epithelium. 
In  a  section  parallel  to  the  sur¬ 
face,  each  cell  appears  as  an 
irregular  polygon.  In  a  section 
perpendicular  to  the  surface, 
the  cells  are  rectangular  in  out¬ 
line.  The  outer  surface  of  each 
cell  is  protected  by  a  striated 
border.  The  inner  ends  of  the 
cells  abut  on  a  basement  mem¬ 
brane.  When  suitably  stained, 
such  cells  show  mitochondria  in  both  filamentous  and  granular  form. 

B.  CELLS  OF  SUPPORTING  TISSUES 

A  thin  section  of  cartilage  from  the  end  of  one  of  the  leg  bones  of  the 
frog  shows  clearly  the  cells  in  a  supporting  tissue  (Fig.  4:1 2A).  Separat¬ 
ing  the  cells  and  formed  by  them  is  the  stiff  jellylike  intercellular  cartilage 
substance  which  gives  to  cartilage  the  consistency  familiar  to  all  in 
gristle,  which  is  the  common  name  of  cartilage.  Cartilage  cells  have  the 
structure  of  a  typical  cell.  As  the  cells  grow,  the  increase  in  size  is  followed 
by  cell  division  and  the  daughter  cells  become  separated  by  the  forma¬ 
tion  of  more  intercellular  cartilage  substance. 

In  bone  the  intercellular  substance  is  made  hard  by  a  deposit  of  cal¬ 
cium  carbonate  and  calcium  phosphate.  The  bone  cells  are  contained 
in  cavities  in  this  bone  substance.  Connecting  these  cavities  are  fine 
canals.  The  bone  cells  which  like  the  cartilage  cells  have  a  typical  cell 
structure  are  put  into  communication  with  each  other  by  protoplasmic 
processes  passing  through  the  canals  (Fig.  4:12B). 


Fig.  4:11  Epithelial  cells  from  the  columnar 
epithelium  lining  the  intestine  of  the  mouse. 
Redrawn  after  Maximow  and  Bloom,  Textbook 
of  Histology,  W.  B.  Saunders  Company. 
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Fig.  4: 12  Cells  of  cartilage  and  bone.  A.  Section  of  a  piece  of  cartilage.  B.  Section  of  a 
piece  of  bone  from  a  white  mouse.  B,  redrawn  after  Maximow  and  Bloom,  Textbook  of 
Histology,  W.  B.  Saunders  Company. 


C  MUSCLE  FIBERS 

In  any  of  the  muscular  layers  of  the  digestive  tract  may  be  found  ex¬ 
amples  of  cells  differentiated  for  contraction  (Fig.  4:13).  Such  cells  have 
the  form  of  an  elongated  spindle  and  their  contained  nuclei  arc  also 
elongated  in  the  direction  of  their  long  axes.  By  special  technique  fine 
fibrils  running  parallel  to  their  long  axes  can  be  demonstrated  in  these 
cells.  Because  they  lack  the  transverse  striations  visible  in  the  voluntary 
or  skeletal  muscles,  such  cells  arc  called  smooth  muscle  cells. 


Nuclei  Striations  Striated  muscle  fibers 


Fig.  4:1.3  Miiv.cic  lis.suc.  Above,  .smooth  musr'U'  cells.  Below,  slrialr'd  mu.sele  fil)ers. 
Redrawn  after  Bailey,  'I  rxihook  of  Histology,  W  illiam  Wood  c'v  C()m|)any. 
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The  fibers  of  voluntary  muscle  tissue  are  not  in  the  strict  sense  cells, 
since  a  single  fiber  contains  numerous  nuclei  and  seems  to  correspond  to 
a  number  of  cells.  Fine  fibrils  extend  lengthwise  in  the  muscle  fiber.  I'he 
striations  which  characterize  these  fibers  are  in  the  fibrils  and  run  trans¬ 
versely.  Metaplastic  glycogen  granules  are  distributed  in  the  cytoplasm 
between  the  fibrils. 


A  motor  nerve  cell 


Axon 

Cell  body  of  a  Nucleus 

motor  nerve  cell 

Axon 


Axon 


Nerve  cell  from  the  cerebral  cortex 
(Purkinje  cell) 


Terminal 


arborizations 


Nerve  cell  from 


olfactory  epithelium 


Fig.  4:14  Various  types  of  nerve  cells.  Redrawn  after  Bailey,  Textbook  of  Histology, 
William  Wood  &  Company,  publishers. 


D.  NERVE  CELLS 

Nerve  cells  are  characterized  by  long,  fine,  cytoplasmic  processes 
which  conduct  the  nerve  impluses.  Nerve  cells  vary  greatly  in  size  and 
in  the  length  of  their  processes  (Fig.  4:14).  Careful  observation  of  the 

living  nerve  cell  and  the  em¬ 
ployment  of  suitable  staining 
methods  reveal  numerous  fine 
fibrils  extending  through  the 
cytoplasm  and  into  the  cyto¬ 
plasmic  processes.  The  Golgi 
apparatus  is  specially  well 
shown  in  nerve  cells. 

E.  BLOOD  CELLS 

Blood  contains  a  number  of 
different  kinds  of  cells  (Fig. 
4:15).  By  far  the  most  numerous 
are  the  red  blood  corpuscles. 
Different  kinds  of  white  blood  corpuscles  occur.  These  differ  in  cell 
size,  the  relative  size  and  shape  of  the  nuclei,  and  in  the  kinds  of  granules 
contained  in  the  cytosome.  The  red  corpuscles  of  the  frog  are  nucleated. 
In  man  the  red  corpuscles  lose  their  nuclei  during  development. 


Red  corpuscle 


Fig.  4:15  Blood  corpuscles  of  the  frog.  The 
red  corpuscles  of  the  frog  have  nuclei. 
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We  have  already  seen  that  the  living  cell  is  an  exceedingly  compli¬ 
cated  structure.  We  are  now  to  see  that  the  usual  process  by  which  cells 
divide  is  no  less  complicated.  This  is  not  surprising  when  one  considers 
that  when  a  cell  divides  each  half  receives  and  preserves  the  complicated 
structure  of  the  parent  cell.  Cell  division  as  ordinarily  understood  in¬ 
volves  two  separate  events:  the  division  of  the  nucleus  and  the  division 
of  the  cytosome. 

A.  THE  DIVISION  OF  THE  NUCLEUS 

The  division  of  the  nucleus  precedes  that  of  the  cytosome.  The  ordi¬ 
nary  method  of  nuclear  division  is  called  indirect  division  or,  more 
usually,  mitosis  to  distinguish  it  from  a  rare  and  unusual  form  called 
direct  division  or  amitosis.  In  amitosis  the  nucleus  merely  constricts 
and  divides  into  two  parts.  Since  amitotic  cell  division  occurs  only  rarely 
and  is  not  of  general  biological  interest,  it  will  not  be  considered  further. 

(1)  THE  RESTING  NUCLEUS  ^ 

The  resting  stage  of  the  nucleus  has  already  been  described  in  an 
earlier  section  of  this  chapter.  In  the  living  state  it  usually  approaches 
the  form  of  a  sphere  with  a  sharp  outline  and  an  apparently  homogeneous 
interior.  By  appropriate  staining  methods  a  reticulum  containing 
chromatin  can  be  demonstrated  and  frequently  a  rounded  or  irregularly 
shaped  body  called  th(‘  nucleolus.  As  will  appear  when  (he  process  of 
nuclear  division  is  described  the  chromatin  plays  a  prominent  part  and 
appears  to  be  an  essential  constituent  of  any  nucleus.  (Tn  (he  other  hand, 
the  nucleolus  or  the  nucleoli,  for  there  may  be  more'  than  one,  usually 
disappear  as  the  nucleus  begins  to  divide  and  new  nucleoli  are  formed 
in  the  daughter  cells  after  the  division  is  completc'd. 

(2)  MITOSIS 

The  j)roe('SS  of  niilosis  se('ms  to  b('  ehic'lly  eoiueriK'd  with  certain 
organized  bodi('S  known  as  ('hiomosoiiK's.  Although  ('hromosomes  ha\'(' 
be('n  obs(TV('d  g('n(‘rally  in  ('(‘11s  only  during  mitosis,  (h(‘r(‘  is  ('onsi(l('rabl(‘ 
evideiK'c  (hat  the  organizalion  ol  (h('  niK'h'ar  r(‘li('ulum  which  (lu'v 
rej)r(‘S('nl  (‘xists  during  (h(‘  v(‘g(‘(a(iv('  s(ag('  ol  tlu'  niu'h'us.  Tlu'  ('hromo- 
somes  S(‘(‘m  to  b(‘  foriiK'd  by  a  |)r()('(‘ss  ol  (oiuh'iisation  from  tlu'  r('ti('ulum. 
'The  chier  n'sull  of  mitosis  s('ems  to  b(‘  tlu'  division  of  ('ach  of  tlu'  ehronu'- 


'  See  Hole,  p.  99. 
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somes  into  two  equal  longitudinal  halves,  in  such  a  way  that  one  of  the 
halves  of  each  chromosome  goes  into  each  of  the  new  nuclei  formed  by 
the  division. 


Fig.  4:16  A  series  of  diagrams  showing  the  process  of  mitosis.  The  number  of  chro¬ 
mosomes  is  assumed  to  be  eight.  A.  Resting  stage  or  vegetative  stage.  B.  Early  prophase. 
The  centrioles  have  separated  and  the  centrosome  has  divided  and  is  beginning  to  form 
a  spindle.  Each  chromosome  consists  of  two  long  thin  chromatids  adhering  along  their 
entire  length.  C.  Middle  prophase.  The  chromosomes  have  contracted.  D.  Late  prophase. 
The  chromosomes  have  contracted  still  more.  E.  Metaphase.  The  spindle  is  completely 
formed  and  the  chromosomes  are  on  the  equatorial  plate.  F.  Early  anaphase.  The 
chromatids,  now  chromosomes,  are  moving  apart.  G.  Late  anaphase.  The  chromosomes 
are  approaching  the  poles.  H.  Telophase.  The  chromosomes  are  merging  to  form 
chromatin  networks.  1.  Mitosis  is  now  complete.  Two  daughter  nuclei  have  formed  and 
the  cytosome  has  divided.  Diagrams  from  L.  L.  Woodruff,  Foundations  of  Biology^  The 
Macmillan  Company. 

Important  differences  occur  in  the  process  of  mitosis  as  it  occurs  in 
animals  and  plants  and  indeed  there  is  great  variation  between  the 
different  species.  The  object  of  the  present  description  is  to  give  the 
main  outlines  of  the  process  with  emphasis  on  those  features  which  seem 
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to  have  the  most  important  biological  consequences  rather  than  to  give 
details  however  conspicuous  they  may  be  in  actual  cases. 

Mitosis  is  described  as  occurring  in  a  number  of  different  phases 
named,  in  order,  prophase,  metaphase,  anaphase,  and  telophase,  but  it 
should  be  understood  that  the  process  is  continuous  and  that  in  the 
actual  division  the  phases  merge  into  each  other  (Fig.  4:16) . 

{a)  THE  PROPHASE 

The  beginning  of  mitosis  is  characterized  by  the  appearance  of  long, 
fine,  coiled  and  contorted  threads  which  usually,  but  not  always,  are 
evenly  distributed  throughout  the  nucleus.  In  the  older  descriptions  of 
the  process  the  threads  were  said  to  be  joined  end  to  end  to  form  a 
spireme.  However,  more  recent  observations  seem  to  show  that  this  is 
definitely  not  the  case,  with  possibly  a  few  exceptions.  These  threadlike 
bodies  are  the  chromosomes.  In  some  cases  it  is  possible  to  see  that  from 
its  first  appearance  each  chromosome  thread  consists  of  two  threads 
closely  applied  to  each  other  along  their  entire  lengths  and  it  seems 
probable  that  this  is  the  rule.  Each  of  these  threads  into  which  the 
chromosome  is  divided  longitudinally  is  called  a  chromatid.  While  in 
most  cases  the  chromosome  threads  appear  to  be  uniform  along  their 
entire  lengths,  in  certain  cases  each  chromosome  or  each  chromatid, 
when  they  can  be  distinguished,  is  seen  to  consist  of  a  string  of  char¬ 
acteristic  particles  of  unequal  size  and  at  unequal  distances  apart.  These 
characteristic  granules  arc  called  chromomeres.  When  the  chromatids 
and  chromomeres  can  be  distinguished  in  the  same  preparation  the 
chromomeres  in  each  pair  of  chromatids  are  found  to  correspond  exactly 
in  size  and  position  along  the  chromosome. 

As  the  process  of  division  proceeds  each  chromosome  contracts  in 
length  and  increases  in  thickness.  Exactly  how  tliis  occurs  is  not  clear 
but  there  is  some  evidence  that  it  is  due  to  the  chromosome  assuming  the 
form  of  a  tightly  coiled  sf)iral.  by  the  end  of  the  {')rophase  tlie  (  hromo- 
somes  are  a  tenth  to  a  twentieth  of  their  original  length  and  the  differ¬ 
entiation  into  chromatids  and  chromomeres  is  usually  no  longer  visible. 

(b)  THE  METAPHASE 

The  metaphase  is  characterized  by  the  formation  of  a  new  structure, 
the  spindle,  and  by  the  arrangement  of  the  chromosomes  in  this  spindle 
preparatory  to  tin*  s(‘paratiou  of  their  chromatids.  The  spindh'  has  the 
shape  which  its  nauu'  implic'S  and  s(‘ems  to  be  of  a  .sonu'what  firmer  con- 
sisUmey  than  tin*  surrounding  protoj)lasm.  It  .sci'ins  to  vary  in  its  nu'thod 
of  origin.  Usually  in  tlu'  higher  animals  and  j^lants,  the  nuclear  mem- 
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brane  breaks  down  and  the  spindle  forms  in  the  region  previously  oc¬ 
cupied  by  the  nucleus.  When  a  centrosome  is  present  in  the  cytoplasm 
this  divides  and  the  two  centrioles  move  apart  and  come  to  be  located 
at  the  poles  of  the  spindle.  When  no  centrosome  is  present,  as  in  higher 
plants,  their  place  seems  to  be  taken  by  two  polar  caps  which  form  in 
the  cytoplasm  in  positions  corresponding  to  the  poles  of  the  spindle 
before  the  nuclear  membrane  breaks  down.  Midway  between  the  two 
poles  of  the  spindle  and  extending  at  right  angles  to  the  axis  joining 
these  two  poles  is  the  equatorial  plate.  This  is  a  region  rather  than  a  dif¬ 
ferentiated  structure.  The  circular  area  where  the  equatorial  plate  meets 
the  outer  portion  of  the  spindle  may  be  called  the  equator  of  the  spindle. 

In  the  metaphase,  the  chromosomes,  which  in  general  are  scattered 
fairly  uniformly  throughout  the  nucleus  in  the  prophase,  take  up  posi¬ 
tions  in  the  equatorial  plate.  The  positions  whicli  the  chromosomes 
occupy  seem  to  depend  on  a  certain  point  in  each  chromosome,  called 
the  point  of  attachment,  being  in  the  equator  of  the  spindle.  The  por¬ 
tions  on  either  side  of  the  point  of  attachment  of  a  chromosome  tend  to 
form  a  V.  These  portions  may  lie  entirely  outside  the  spindle  as  is  the 
case  in  many  animals  or  they  may  lie  inside  the  spindle  as  in  many 
plants.  In  fixed  and  stained  material  the  spindle  seems  to  show  a  fibril¬ 
lar  structure,  fibrillae  extending  from  pole  to  pole.  These  fibers  are 
called  spindle  fibers.  It  is  generally  believed  that  the  chromosomes  be¬ 
come  attached  to  spindle  fibers  and  that  the  attachment  is  to  the  centro¬ 
meres  of  the  chromatids. 

(c)  THE  ANAPHASE 

At  the  end  of  the  metaphase  the  two  chromatids  of  each  chromosome 
are  still  in  contact  along  their  entire  length.  At  the  beginning  of  the 
anaphase  they  begin  to  separate  at  the  point  of  attachment  and  the 
separation  gradually  extends  along  each  chromosome  to  reach  the  ends. 
Before  the  separation  of  the  chromatids  of  each  chromosome  is  complete 
they  may  remain,  for  a  short  time,  connected  so  as  to  give  the  appear¬ 
ance  of  two  V’s  attached  at  their  upper  ends.  The  separation  of  the 
chromatids  and  their  movement  to  opposite  poles  of  the  spindle  is  be¬ 
lieved  to  be  due  to  the  shortening  of  the  spindle  fibers  to  which  they  are 
attached.  After  the  separation  is  complete  the  chromatids,  now  called 
daughter  chromosomes,  move  toward  opposite  poles  of  the  spindle. 

(d)  THE  TELOPHASE 

During  the  telophase  the  chromosomes  go  through  a  series  of  changes 
which  seem  to  be,  in  general  outline,  the  reverse  of  those  which  they  go 
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through  in  the  prophase.  The  result  is  the  formation  of  two  daughter 
nuclei  surrounded  by  nuclear  membranes,  each  in  the  resting  stage  and 
exactly  similar  to  the  nucleus  from  which  they  arose.  If  centrosomes  are 
present  one  persists  with  each  of  the  daughter  nuclei.  Usually  the  cen- 
triole  in  each  centrosome  divides  toward  the  end  of  the  telophase  to 
form  the  pair  of  centrioles  present  in  the  resting  stage. 

With  the  formation  of  the  daughter  nuclei  the  spindle  disappears 
completely  in  animal  cells.  In  plant  cells  the  spindle  in  the  equatorial 
plate  region,  beginning  in  the  anaphase,  becomes  transformed  into  a 
cell  plate  which  eventually  extends  across  the  entire  cell  and  forms  the 
new  cell  wall  separating  the  cells. 

B.  DIVISION  OF  THE  CYTOSOME 

The  division  of  the  cytosome  follows  that  of  the  nucleus.  In  animal 
cells  the  division  usually  starts  on  the  outer  surface  as  a  furrow  in  the 
plasma  membrane  which  extends  around  the  cell  in  a  plane  at  right 
angles  to  the  axis  of  the  spindle  and  gradually  deepens  so  as  ultimately 
to  divide  the  cell.  After  the  division  the  surfaces  of  the  two  cells  may 
flatten  against  each  other.  As  already  explained,  in  most  plant  cells  the 
division  of  the  cytosome  is  achieved  by  the  formation  of  the  cell  plate 
and  is  thus  usually  closely  related  to  the  division  of  the  nucleus. 

C  SOME  GENERAL  CONSIDERATIONS 

It  should  be  emphasized  that  I  he  process  of  cell  division  in  one  or 
other  of  the  forms  outlined  is  of  almost  universal  occurrenee  in  plants 
and  animals  and  occurs  whenever  a  cell  divides.  A  cell  can  give  rise  to 
another  cell  only  by  c(‘ll  division  [)rcceded  by  nuclear  division.  E.xcept, 
as  already  stated,  for  the  comparatively  rare  occurrence  of  amitotic  or 
direct  division,  nuclear  division  is  always  in  the  form  of  mitosis,  and 
essentially  similar  to  that  aln'ady  described. 

C(‘ll  division  in  a  typical  |)lant  cell  dillers  from  that  in  a  typical  animal 
cell  chiefly  in  th('  abs(‘ne(‘  of  a  ecuitral  body  and  the  fact  that  the  spindle 
contributes  to  the  formation  of  llu'  lU'w  cell  wall.  So  far  as  the  division 
of  the  chromosomes,  th('  ess(‘nlial  part  of  the  j)roee.ss,  is  concerned,  the 
two  methods  are  fundanuMitally  the  same. 
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Questions 

1.  Define  the  term  “protoplast.”  Account  for  the  meaning  which  has  come 
to  be  attached  to  the  word  “cell”  in  biology. 

2.  Discuss  the  advantages  to  an  organism  of  the  cellular  type  of  organization. 

3.  Account  for  the  different  shapes  of  the  cells  in  plant  and  animal  tissues. 

4.  Try  to  picture  to  yourself  the  size  of  a  red  blood  cell  and  the  size  of  a  cell 
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from  a  leaf  of  Elodea,  using  for  comparison  some  familiar  small  object  such 
as  the  end  of  a  pencil  lead. 

5.  Discuss  different  techniques  for  the  study  of  cells  including:  tissue  culture, 
microdissection,  fixation  and  staining,  and  sectioning. 

6.  Discuss  differences  between  the  cell  wall  and  the  plasma  membrane. 

7.  List  types  of  cell  organoids.  Distinguish  between  ceU  organoid  and  meta¬ 
plasm. 

8.  Discuss  functions  of  the  nucleus. 

9.  Describe  the  actual  structure  of  some  plant  and  animal  cells. 

10.  Compare  cell  division  in  a  higher  plant  cell  and  a  higher  animal.  Why  is 
the  process  so  complicated? 
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Chemical  Elements 

and  Inorganic  Compounds 


Biology  seeks  to  find  a  scientific  explanation  of  the  structure  and 
activities  of  protoplasm  in  terms  of  known  physical  and  chemical  facts 
and  principles.  In  order  to  follow  this  explanation,  it  is  necessary  to 
have  clearly  in  mind  certain  fundamental  physical  and  chemical  ideas. 

1.  MAHER 

All  organisms  are  composed  of  matter.  Matter  as  defined  by  the  physi¬ 
cist  is  whatever  occupies  space,  be  it  solid,  liquid,  or  gas.  W  hen  we  say 
that  organisms  are  composed  of  matter  it  is  the  matter  of  the  physicist 
that  we  mean. 

A.  THE  INDESTRUCTIBILITY  OF  MATTER 

The  matter  of  the  earth  and  all  that  exists  upon  it  is  believed,  under 
all  ordinary  conditions,  to  be  indestructible.  This  is  expressed  as  the  law 
of  the  conservation  of  matter d  Matter  of  one  or  more  kinds  can  be 
changed  into  matter  of  another  kind  as  happens  when  water  becomes 
ice  or  when  coal  is  burned.  The  weight  of  the  ice  formed  is  exactly  the 
same  as  the  weight  of  the  water  which  was  frozen.  In  the  case  of  the  coal 
the  matter  not  turned  into  ash  disappears  in  the  form  of  smoke  and 
invisible  gases.  Nevertheless,  when  all  of  the  matter  concerned  in  the 
process  is  collected  and  weighed  it  is  found  that  the  total  weight  of  this 
matter  before  the  combustion,  including  the  oxygen  from  the  atmosphere 
which  combined  with  the  carbon  in  the  coal,  is,  in  this  case  also,  exactly 
equal  to  the  total  weight  of  the  products  of  combustion. 

All  of  the  evidence  now  available  seems  to  show  that  the  law  of  the 
conservation  of  mass  applies  equally  to  living  and  nonliving  matter. 

^  There  is  good  evidence  that  under  certain  special  conditions  matter  may  be  transformed 
into  energy  and  energy  transformed  into  matter.  But  this  need  not  concern  us  here. 
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B.  CHEMICAL  SUBSTANCES 

Water  and  coal  may  be  considered  to  be  chemical  substances^  A 
chemical  substance  is  a  portion  of  matter  which  is  uniform  throughout 
its  mass  so  far  as  concerns  the  properties  which  characterize  it  as  a 
particular  substance.  This  means  that  no  matter  how  the  substance  may 
be  divided  up  into  smaller  portions  each  of  these  portions  will  have  the 
properties  of  the  substance.  Ice  and  water  are  different  states  of  the  same 
substance.  (States  of  matter  are  discussed  in  a  later  section.)  The  num¬ 
ber  of  different  known  substances  is  very  great,  probably  well  over  a 
quarter  of  a  million,  and  there  are  certainly  many  substances  which  are 
not  yet  known. 

In  nature  most  matter  is  in  the  form  of  mixtures  of  chemical  sub¬ 
stances.  Thus  a  clod  of  soil  contains  a  great  many  different  substances, 
too  numerous  to  name.  The  atmosphere  is  a  mixture  of  a  number  of 
different  gases.  A  mixture  is  made  up  of  two  or  more  substances,  each 
of  which  retains  its  own  properties.  The  composition  of  a  mixture  may 
vary  and  usually  the  constituents  may  be  present  in  almost  any  pro¬ 
portion. 

Chemists  have  found  that  most  of  the  vast  number  of  known  substances 
can  be  decomposed  into  simpler  substances  but  that  a  few  cannot  be  so 
decomposed.  These  latter  substances,  which  seem  to  be  the  primary 
materials  out  of  which  the  others  are  formed,  are  called  elements. 
There  is  reason  to  believe  that  the  number  of  elements  is  approximately 
ninety-two.  Depending  on  their  properties,  the  elements  can  be  arranged 
in  a  series  in  which  each  clement  finds  a  definite  place.  Substances  which 
can  be  decomposed  into  elements  arc  called  compounds.  Thus  water 
can  be  decomposed  into  two  gases,  oxygen  and  hydrogen,  and  is,  there¬ 
fore,  a  chemical  compound.  Neither  oxygen  nor  hydrogen  can  be  broken 
up  into  simpler  substances  and  they  arc  therefore  considered  to  be  ele¬ 
ments. 

A  compound  differs  from  a  mixture  of  elements.  In  a  compound  the 
elements  are  in  definite  j)roportions.  I’hus  water  contains  by  weight 
eight  times  as  much  oxygen  as  hydrogen.  'The  properties  of  a  compound 
are  quite  definite  and  different  from  tho.se  of  the  elements  which  com¬ 
pose  it.  Thus  hydrogen  and  oxygen  are  ga.ses  at  ordinary  tem{)eratures, 
but  water  which  they  combine  to  form  is  a  licjuid.  The  water  vapor  which 
is  form(‘d  when  water  boils  is  a  gas  but  it  is  very  different  from  either 
hydrogen  or  oxygen. 

’  As  ordinarily  cncountrrcd  nritlirr  of  ihrsr  is  a  (  hrinically  purr  substance,  but  choinically 
pure  substances  are  very  rarely  encountered  in  n.iture. 
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C.  THE  STRUCTURE  OF  MATTER 

The  nature  and  behavior  of  chemical  substances  can  be  clearly  ex¬ 
plained  only  when  their  structure  is  understood.  The  units  of  matter 
from  the  chemical  point  of  view  are  the  atoms.  There  are  as  many  dif¬ 
ferent  kinds  of  atoms  as  there  are  elementary  substances.  The  nature 
and  structure  of  atoms  will  come  in  for  more  detailed  discussion  later. 
For  the  present  it  is  enough  to  regard  atoms  as  minute  bodies  which 
give  to  the  elements  their  specific  characteristics.  An  element  or  ele¬ 
mentary  substance  may  be  defined  as  a  substance  which  is  composed 
of  only  one  kind  of  atom,  the  atoms  being  the  atoms  of  the  particular 
element. 

Atoms  unite  to  form  molecules.  This  may  occur  in  an  elementary 
substance.  Thus  oxygen  as  it  usually  occurs  in  the  atmosphere  consists 
of  molecules  each  consisting  of  two  atoms.  Compound  substances  always 
consist  of  molecules  and  the  molecules  consist  of  at  least  two  different 
kinds  of  atoms,  viz.,  the  atoms  of  the  elementary  substances  which  have 
combined  to  form  them.  The  molecule  of  water  contains  two  atoms  of 
hydrogen  and  one  atom  of  oxygen. 

The  atoms  of  the  chemical  elements  are  indicated  by  symbols.  Usually 
the  first  letter  or  the  first  two  letters  of  the  English  name  of  the  element 
is  chosen  as  the  symbol.  Thus  the  symbol  for  hydrogen  is  H  and  that  for 
oxygen  is  O.  However,  in  some  cases  the  symbol  is  chosen  from  the 
Latin  name  of  the  element.  Thus  the  symbol  for  potassium,  the  Latin 
name  of  which  is  kalium^  is  K,  and  the  symbol  for  iron,  the  Latin  name 
of  which  is  jerrum^  is  Fe. 

D.  THE  ELEMENTS  MOST  COMMONLY  FOUND  IN 
ORGANISMS 

Ninety-nine  per  cent  of  the  material  which  constitutes  protoplasm  is 
made  up  of  the  four  elements,  oxygen,  hydrogen,  carbon,  and  nitrogen. 
The  remaining  1  per  cent  is  composed  almost  entirely  of  eight  other 
elements,  five  of  which  appear  to  be  essential  to  life.  These  five  are  sulphur, 
phosphorus,  potassium,  iron,  and  magnesium.  Of  the  remaining  three 
which  occur  in  appreciable  amounts,  calcium  seems  not  to  be  essential 
to  certain  of  the  lower  organisms,  while  sodium  and  chlorine  are  not 
essential  for  most  plants  (Table  5:1,  Fig.  5:1). 

No  chemical  elements  are  known  which  are  entirely  confined  to  or¬ 
ganisms.  It  is  to  be  noted,  however,  that  of  the  four  elements  most 
abundant  in  protoplasm,  three,  hydrogen,  carbon,  and  nitrogen,  are 
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not  especially  abundant  in  the  earth’s  crust  and  one  of  these,  hydrogen, 
occurs  almost  entirely  combined  with  oxygen  to  form  water,  while  most 
of  the  nitrogen  is  in  the  atmosphere.  Most  of  the  carbon  on  or  near  the 
surface  of  the  earth  occurs  either  in  organisms,  in  the  products  of  their 
activities,  or  in  their  remains.  Nevertheless,  a  handful  of  soil,  a  glass  of 


water,  and 

a  breath  of  air 

provide  all  of  the  chemical  elements  necessary 

TABLE  5:1. 

THE  OCCURRENCE  OF 

THE  ELEMENTS  MORE  COMMONLY 

FOUND  IN 

PROTOPLASM 

COMPARED  WITH 

THEIR  OCCURRENCE  IN 

THE  EARTH’S  CRUST,  INCLUDING 

THE  HYDROSPHERE 

AND  ATMOS- 

PHERE,  IN 

PER  CENT  BY 

WEIGHT. 

THE  HYDROSPHERE 

INCLUDES  ALL 

THE  OCEANS  AND  OTHER 

BODIES 

OF  FRESH 

OR  SALT 

WATER 

ELEMENT 

SYMBOL 

PER  CENT  IN 

PER  CENT 

IN  10-MILE  CRUST, 

PROTOPLASM 

INCLUDING  THE  HYDRO- 

SPHERE 

AND  ATMOSPHERE 1 

Essential  *  to 

Oxygen 

o 

76.0 

49.52 

all  organisms 

Carbon 

c 

10.5 

0.09 

Hydrogen 

H 

10.0 

0.88 

Nitrogen 

N 

2.5 

0.03 

Phosphorus 

P 

0.3 

0.12 

Potassium 

K 

0.3 

2.40 

Sulphur 

S 

0.2 

0.05 

Iron 

Fc 

0.01 

4.70 

Magnesium 

Mg 

0.02 

1.94 

Not  essential 

Calcium 

Ca 

0.02 

3.39 

in  lower 

organisms 

Not  essential 

Chlorine 

Cl 

0.10 

0.19 

in  plants 

Sodium 

Na 

0.05 

2.64 

Extremely 

Silicon 

Si 

— 

25.75 

rare  in 

Aluminum 

A1 

— 

7.51 

protoplasm 

100.00 

99.21 

*  Recent  investigations  indicate  that  small  quantities  of  boron,  aluminum,  silicon,  chlorine, 
manganese,  copper,  and  zinc  have  a  marked  effect  on  the  growth  of  plants  and  should  perhaps 
be  considered  as  essential  elements. 


for  the  growth  and  development  of  any  organism  whether  it  be  a  bac¬ 
terium,  moss,  a  tree,  an  amoeba,  an  inseet,  or  a  man;“  but  ol  course  not 
in  the  [)roportions  nor  in  tlu'  ehemieal  eoinbinations  needed. 

It  is  to  be  empliasi/.ed  that  w(‘  art'  eonsidt'ring  lu're  only  the  chemical 
elements  whit'.h  compost'  prt)tt)plasm  anti  art'  nt)t  taking  into  eonsitlt'ra- 
tit)n  tht'  ways  in  whit'h  iht'st'  t'lt'int'iUs  art'  et)mbint'd  intt)  eoinjK)untls  in 
the  living  j)rotoj)last.  l''nrtht'rmore,  it  sht)iild  bt'  mentioned  that  al- 

'  I'Vom  F.  W.  (’lark  and  11.  S.  Washington,  U.  S.  Geological  Survey,  Professional  Paper  127, 
1924,  p.  34. 

^  Paraphrasctl  from  D.  d’.  MacDougal,  7  hr  Grrni  Leaf. 
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though  the  proportions  in  which  the  elements  occur  is  nearly  the  same 
in  the  protoplasm  of  all  organisms,  the  protoplasms  of  organisms  difTer. 


Fig.  5:1  Diagram  showing  the  proportions  by  weight  in  which  the  elements  oxygen, 
carbon,  hydrogen,  and  nitrogen  occur  in  protoplasm. 

Indeed  each  species  of  organism  and  probably  each  individual  organ¬ 
ism  has -its  own  particular  protoplasm. 

E.  THE  SOURCES  OF  THE  ELEMENTS  IN  PROTOPLASM 

The  chemical  elements  in  protoplasm  come  originally  from  the  crust 
of  the  earth,  including  the  soil ;  from  the  hydrosphere  which  includes  the 
fresh  water  of  the  soil,  rivers,  and  lakes,  and  the  salt  water  of  the  oceans; 
and  from  the  atmosphere  (Table  5:1,  Fig.  5:2).  The  solid  crust  of  the 
earth  consists  of  soil  and  rock.  The  soil  is  formed  by  the  disintegration 
of  the  rocks.  Rocks  in  turn  consist  of  minerals.  A  given  rock  may  contain 
one  or  more  minerals.  Mineral  is  the  term  given  by  the  geologist  to  a 
chemical  compound  formed  by  inorganic  processes  which  takes  part  in 
the  formation  of  a  rock.  This  definition  excludes  such  substances  as  coal 
and  amber  which  are  products  of  organic  activity.  A  list  of  the  more 
common  minerals  and  their  occurrence  in  the  earth’s  crust  is  given  in 
Table  5:2. 
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The  water  of  the  soil  contains  salts  formed  from  the  minerals.  The 
salts  in  the  water  of  the  oceans  are  the  result  of  accumulation  through 


Fig.  5:2  Diagram  illustrating  the  proportion  by  weight  in  which  the  more  commonly 
occurring  chemical  elements  occur  in  a  layer  of  the  earth's  crust  10  miles  in  thickness. 


TABLE  5:2.’  OCCURRENCE  OF  THE  MLNERALS  IN  THE  EARTH'S  CRUST. 
AVERAGE  COMPOSITION  OF  A  10-MILE  LAVER  OF  THE  LI  FHOSPHERE 


MINERAL 

SVMHOI 

PER  CENT 

Silicon  dioxide 

SiO. 

59.07 

Aluminum  oxide 

AbOj 

15.22 

Ferric  oxide 

FC2O3 

3.10 

Ferrous  oxide 

FcO 

3.71 

Magnesium  oxide 

MgO 

3.45 

Calcium  oxide 

CaO 

5.10 

Sodium  oxide 

NaaO 

3.71 

Potassium  oxide 

K2O 

3.11 

Water 

11:0 

1.30 

Titanium  dioxide 

TiO: 

1.03 

Carbon  dioxide 

CO2 

.35 

Phosphorus  penloxide 

P2O6 

.30 

Chlorine 

Cl 

.05 

I’luorinc 

F 

.03 

Other  substances 

.47 

100.00 

'  IToin  I*'.  W.  Clark  and  H.  S.  Washington,  U.  S.  ( ’feolo^ieal  Survey,  Prolessional  Pa|><'r 
127,  1924. 
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geological  time  of  the  salts  carried  in  the  soil  water  to  the  ocean  by  the  | 
rivers.  The  salts  in  the  ocean  water  and  the  proportion  in  which  they 
occur  are  listed  in  Table  5:3. 

TABLE  5:3.1  PROPORTION  IN  WHICH  THE  DIFFERExNT  SALTS  OCCUR  IN  . 
THE  OCEAN 


SALT 

COMPOSITION 

Formula 

OF  THE  OCEAN  SALTS 

Ions  formed 

PER  CENT  OF 

TOTAL  SALTS 

Sodium  chloride 

NaCl 

(Na^  CI-) 

77.76 

Magnesium  chloride 

MgCb 

(Mg-"+,  2  CI-) 

10.88 

Magnesium  sulphate 

MgS04 

(Mg^+,  SO4") 

4.74 

Calcium  sulphate 

CaS04 

(Ca++,  SO4-) 

3.60 

Potassium  sulphate 

K2SO4 

(2  K-,  SO4-) 

2.46 

Calcium  carbonate 

Other  salts 

CaCOa 

(Ca^^  CO3-) 

.34 

.22 

100.00 

It  will  be  noticed  that  the  elements  in  the  earth’s  crust,  with  the  excep¬ 
tion  of  some  of  the  iron  and  of  the  gases  chlorine  and  fluorine,  are  all 
completely  oxidized,  i.e.,  they  have  combined  with  all  the  oxygen  with 
which  they  are  capable  of  combining.  In  this  form  they  are  unable  to 
yield  any  appreciable  amount  of  energy.  The  same  is  largely  true  of  the 
elements  in  the  ocean,  which  is  to  be  expected  since  they  are  dissolved 
from  the  rocks.  Hence,  in  general,  organisms,  and  man  is  here  included, 
must  be  dependent  ultimately  for  energy  on  the  sun’s  radiation,  or 
energy  stored  up  as  a  result  of  this  radiation.^ 

F.  THE  SIZES  OF  THINGS 

Size  is  important  in  a  number  of  ways.  It  is  difficult  to  obtain  a  mental 
picture  of  anything  without  first  knowing  its  approximate  size.  The  rate 
and  course  of  most  processes  and  energy  changes  depend  on  the  size  or 
weight  of  the  bodies  taking  part  in  them. 

The  accepted  unit  of  length  in  scientific  work  is  the  meter  (abbrevia¬ 
tion,  m).^  One  reason  why  the  meter  was  chosen  is  that  it  is  an  easily 
comprehensible  length,  being  a  little  more  than  half  the  height  of  the 
average  man.  One  meter  equals  approximately  39  inches.  But  the  great 
advantage  of  the  metric  system  is  that  larger  and  smaller  units  are 
obtained  by  multiplying  the  fundamental  unit  by  powers  of  10.  This 
greatly  simplifies  the  arithmetic  involved  in  comparing  measurements.  I 

1  From  F.  W.  Clark  and  H.  S.  Washington,  U.  S.  Geological  Survey,  Professional  Paper  ■ 
127,  1924,  p.  33. 

2  As  this  manuscript  goes  to  press,  man  seems  to  be  about  to  enter  the  “atomic  age.”  When  i 
and  if  this  occurs  other  sources  of  energy  will  be  available. 

3  The  centimeter  is  the  unit  of  the  “C.G.S.”  or  centimeter-gram-second  system  of  the  » 
physical  sciences.  However,  both  historically  and  from  a  practical  and  theoretical  point  of  view 
the  meter  is  the  fundamental  unit. 
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A  centimeter  (abbreviation,  cm)  is  1/100  meter  or  .01  meter  or  10“^ 
meter. ^  A  millimeter  (abbreviation  mm)  is  1/1000  or  10“^  meter 
(Fig.  5:3).  This  is  about  as  far  as  we  go  in  ordinary  everyday  measure¬ 
ments  of  length,  since  1  millimeter  or  about  1/25  inch  is  about  the  small- 


1  meter 
=1000  mm 


1  mm 
=1000  \x. 


7  ^ 

=1000  m|jL 


1  mpi 
=1000 


1 


1  )i^  X  10 


800 


-700 


Object 

sizes 


1000  mm 


900 


rlOOO 


-900 


-800 


=1000|ijixl0  =1000fjifixl0 


-6 


koo  o/ 
2/ 

500  I 

I 

400  / 

/ 

/ 

300 

/ 

/ 

1-200 

/ 

/ 

100 

/ 

/ 


-700 


-600  R, 


-900 


-800 


-700 


xl 

h500  / 

/ 

/ 

-400/ 

/ 

/ 

300 

/ 

/ 

1-200 

/ 

/ 

100 

/ 

/ 


h600| 

xl 


-1000  m/ji 


800 


-700  / 


/ 


500 


400/ 

/ 

/ 

300 

/ 

/ 

200 

/ 

/ 

hioo 

/ 

/ 


rlOOO  \IIL 


-900 


-1000  jjLjixlO 


600 


500 


/ 

/ 


•900 


800 


700 


[-600  o' 

^  I 


400  / 

/ 

/ 

1-300 

/ 

/ 

200 

/ 

/ 

100 


500 


400/ 

/ 

/ 

h300 

/ 

/ 

h200 

/ 

/ 

-100 

/ 

/ 


1000  p.|jL 

xio'^ 


■900 


800 


-700 


600 


500 


-400 


-300 


-200 


-100 


Macroscopic 

Microscopic 

Colloidal 

Molecular 

Electronic 

Protonic 

50  m  to  .05  mm 
Multicellular 
plants  and 
animals 

50  p  to  .25 

Cells  smallest 
visible  particle 
=  200  /i 

Particles 

200  p  to  5  m;s 

Molecules 

5  mp  to  .2  mp 
Atoms 

.6  mp  to  .1  mp 

Electron 

1  pp  X  10'^ 

Proton 

1  pp  X  to"* 

Fig.  5:3  Diagram  illustrating  the  units  of  length  used  in  measuring  small  objects. 
On  the  left  the  meter  is  represented  by  a  line  10  centimeters  in  height,  i.e.,  one  tenth  its 
actual  height.  On  this  scale  1  millimeter  would  be  re]^n'S<*nled  by  the  thiekne.ss  o(  a  very 
fine  line  just  visible.  When,  on  this  scale,  the  millimeter  as  represented  is  multiplied  by 
1000  the  S(T,ond  line  to  th(‘  left  is  obtained.  On  this  seal(‘,  tlu'  micron  would  be  repn*- 
sented  by  the  thickness  of  a  very  fine  line  just  visible.  'This  method  ol  magniheation  is 
continued  to  obtain  the  third,  fourth,  fifth,  and  sixth  lines  to  the  h'ft,  the  scale  being 
increased  each  time  one  thousand  fold. 

'  The  siin[)Irst  way  to  expre,s.s  very  large  or  very  small  numb('rs  is  in  |>owers  of  10.  1  hus 
lOfK)  _  1, ()()(), ()()()  10'',  1/1()()0  10  1/1,000.000  ^  10  This  method  is  not  only 

less  cumbcrs(jmc  and  easier  to  read,  hut  it  simplifies  the  («)m|)arison  of  numl)ers. 
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est  unit  that  can  be  used  without  special  instruments.  In  measuring  cells 
and  other  microscopic  objects  the  unit  used  is  the  micron,  indicated 
by  the  Greek  letter  /x,  pronounced  mu.  The  micron  is  1/1000  of  a  milli¬ 
meter  or  1  ju  =  10“^  mm  (Fig.  5:3).  To  be  visible  to  the  unaided  eye  a 
particle  must  be  at  least  50  /x  in  diameter.  Cells  vary  greatly  in  size,  but 
perhaps  50  ju  is  not  far  from  an  average  dimension.  In  measuring  mole¬ 
cules  or  atoms  the  unit  used  is  the  millimicron,  indicated  by  m/x. 


TABLE  5:4.  THE  APPROXIMATE  SIZES  OF  SOME  SMALL  OBJECTS 

The  dot  on  this  “i”  0.3  mm  3.  X  10~‘  mm 

A  human  red  blood  corpuscle  7.  /i 

A  protein  molecule  (hemoglobin)  6.  m/x 

An  oxygen  atom  0.13  m/x 

The  electron 
The  proton 

1  mju  =  10~®  mm 


7.  X  10“^  mm 
6.  X  10~*  mm 
1.3  X  10“^  mm 
3.  X  10“®  mm 
2.  X  10-12  mm 


1  X  10-6 


1  m/x  =  10“^  /X  =  10-6  1  xhe  diameters  of  atoms  do  not  vary  greatly 

and  average  about  0.1  to  0.4  m/x  or  1.  to  4.  X  10“^  m/x  =1  to  4  X 
10-^  mm.  A  still  smaller  unit,  the  micromicron,  indicated  by  /x/x,  pro¬ 
nounced  mumu,  is  equal  to  1/1000  m/x.  Thus  1  /x/x  =  1  X  10“^  m/x  = 
1  X  10-^  mm  =  1  X  10-^2  m.  (Table  5:4).  It  may  be 
noted  that  the  diameter  of  a  human 
red  corpuscle  is  approximately  one 
thousand  times  that  of  one  of  the 
hemoglobin  molecules  which  it  con¬ 
tains. 

G.  BROWNIAN  MOVEMENT 


If  one  of  the  granules  in  the  cyto¬ 
plasm  of  a  living  cell  be  observed 
it  will  be  found  to  be  continually 
moving.  If  the  granule  is  a  fairly  large 
one,  the  movement  will  be  little  more 
than  an  irregular  vibration,  but  if  it 
is  sufficiently  small,  0.5  /x  or  less,  it  will 
go  first  in  one  direction  then  in  an¬ 
other  in  a  zigzag  course,  which,  however,  does  not  appear  to  lead  it  any¬ 
where  since  it  usually  stays  near  the  same  spot  (Fig.  5:4).  The  phe¬ 
nomenon  is  ealled  Brownian  movement,  after  its  discoverer,  Robert 
Brown,  also  known  as  the  diseoverer  of  the  nucleus  of  the  cell.  It  is  not, 
as  might  have  been  at  first  supposed,  particularly  associated  with  living 

Another  unit  called  the  Angstrom  unit  equal  to  1/10  m/x  is  frequently  used. 


Fig.  5:4  The  course  taken  by  a  particle 
in  Brownian  movement.  The  lines  be¬ 
tween  the  dots  represent  the  distance 
and  direction  of  the  movement  in  each 
vibration.  After  Perrin. 
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protoplasm.  Precisely  the  same  kind  of  movement  can  be  seen  in  suf¬ 
ficiently  small  granules  of  almost  any  material.  Experiments  have  shown 
that  the  movement  is  not  due  to  currents  in  the  liquid. 

The  most  satisfactory  explanation  is  that  the  movement  of  the  granules 
is  due  to  their  bombardment  by  the  molecules  of  the  water.  The  mole¬ 
cules  of  the  water  are  much  too  small  to  be  seen  by  the  highest  magnifi¬ 
cation  of  the  microscope,  but  they  move  with  great  speed  and  the  force 
with  which  they  hit  the  much  larger,  suspended  particles  is  sufficient  to 
cause  the  latter  to  move.  Brownian  movement  provides  concrete  evidence 
of  the  existence  of  molecules.  Other  evidence  will  be  advanced  later. 

If  the  granule  observed  in  Brownian  movement  was  of  such  a  size  as  to 
be  just  visible  with  the  highest  powers  of  the  microscope  its  diameter 
may  have  been  about  0.2  /x.  Some  idea  of  the  size  of  a  molecule,  or  rather 
the  space  occupied  by  a  molecule,  compared  to  the  size  of  such  a  particle, 
may  be  gained  from  the  fact  that  the  particle,  if  it  were  water,  would 
contain  approximately  6.8  X  10^  or  68,000,000  molecules. 

2.  ENERGY 

Energy  is  defined  as  the  capacity  to  do  work.  This  work  may  produce 
a  change  in  state  or  a  change  in  position.  Thus  to  change  a  given  amount 
of  ice  into  water  requires  a  certain  amount  of  heat  energy  and  for  a  man 
to  walk  up  a  flight  of  stairs  and  thus  change  his  distance  from  the  center 
of  the  earth  also  requires  an  amount  of  energy  depending  on  his  weight 
and  the  height  of  the  stairway. 

Energy  occurs  in  a  number  of  dififerent  forms,  including  heat,  light, 
sound,  chemical  energy,  and  energy  of  movement.  Practically  all  forms 
of  energy,  with  the  exception  of  radiant  energy,  can  be  classified  as 
either  kinetic  or  potential.  Kinetic  energy  is  energy  of  motion,  and  the 
kinetic  energy  of  a  body  is  defined  as  its  ability  to  do  work  by  virtue  of  its 
motion.  Thus  a  wheel  rotating  freely  on  an  axle  possesses  kinetic  energy 
and  may  be  made  to  do  a  certain  amount  of  work  before  it  stops.  The 
potential  energy  of  a  body  is  defined  as  the  energy  which  it  possesses 
by  virtue  of  its  position  or  state.  Thus  a  weight  which  has  been  lifted  will 
yield  a  certain  amount  of  energy  when  it  is  lowered,  and  a  coiled  watch 
spring  will  yield  energy  when  it  is  allowed  to  uncoil.  Coal  possesses  po¬ 
tential  energy  by  virtue  of  its  chemical  state,  and  it  will  give  up  some  of 
this  energy  as  heat  when  allowed  to  combine  with  oxygen  (i.e.,  burn). 

Kinetic  energy  may  be  divided  into  different  types  depending  on  the 
kind  of  matter  which  is  in  motion.  In  the  kinetic  energy  of  mass  move¬ 
ment  entire  bocli('S  an'  in  motion.  An  (‘xample  is  the  rotating  wheel 
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referred  to  above.  The  movement  of  molecules  described  in  the  section 
on  Brownian  movement  is  not  confined  to  water  molecules.  Indeed  the 
molecules  of  all  substances  are  in  constant  movement  ^  and  it  is  this 
movement  which  is  called  heat.  When  the  temperature  of  a  body  is 
high  the  movement  of  its  molecules  is  rapid,  and  it  is  said  to  contain  a 
large  amount  of  heat.  When  the  temperature  is  low  the  movement  of 
the  molecules  is  slow,  and  the  body  is  said  to  contain  little  heat. 

Potential  energy  may  be  classified  according  to  the  forces  which  are 
involved.  The  height  of  a  body  above  the  surface  of  the  earth,  or  more 
accurately  its  distance  from  the  center  of  gravity  of  the  earth,  gives  it 
potential  energy  due  to  the  gravitational  force.  The  potential  energy  of  a 
stretched  or  compressed  spring  or  piece  of  rubber  is  due  to  the  strain 
under  which  the  steel  or  rubber  is  placed  and  the  tendency  of  these 
materials  to  return  to  their  original  condition.  The  potential  energy  of 
chemical  substances  is  really  due  to  the  relative  positions  of  the  atoms 
of  which  they  are  composed.  Thus  the  existence  of  the  potential  energy 
which  we  value  in  coal  is  due  to  the  carbon  atoms  in  the  coal  being 
separated  from  the  oxygen  atoms  in  the  air.  When  these  atoms  combine 
to  form  carbon  dioxide  the  potential  energy  is  released  and  transformed 
into  heat,  a  form  of  kinetic  energy. 

One  kind  of  energy  can  be  transformed  into  another.  Green  plants 
transform  the  radiant  energy  of  sunlight  into  chemical  potential  energy 
by  forming  sugar.  When  this  sugar  is  eaten  by  man  or  any  other  animal 
it  is  changed  chemically  into  another  compound,  also  possessing  chemi¬ 
cal  energy.  If,  now,  the  man  winds  a  victrola,  some  of  the  potential 
chemical  energy  stored  up  in  his  body  is  transformed  into  potential 
energy  in  the  compressed  spring.  When  the  motor  of  the  victrola  is 
released  this  potential  energy  in  the  spring  is  transformed  to  kinetic 
energy  in  the  rotating  table.  Some  of  this  kinetic  energy  is  transformed 
through  the  needle  and  the  diaphragm  into  sound  which,  as  a  vibrating 
movement  of  the  air,  is  another  form  of  energy.  Further,  transformations 
could  be  listed  as  the  sound  is  received  in  the  man’s  ear  and  transferred 
to  his  brain,  but  the  attempt  to  trace  these  had  better  be  left  until  after 
the  ear  and  the  nervous  system  have  been  discussed. 

Since  practically  all  forms  of  energy  can  be  transformed  into  heat, 
energy  is  frequently  expressed  in  the  form  of  heat  (Fig.  5:5).  The  unit  of 
measurement  for  heat  energy,  called  the  gram  calorie,  is  defined  as  the 
amount  of  energy  required  to  raise  the  temperature  of  1  gram  of  water 
from  15°  to  16°  Centigrade.  Because  this  is  a  rather  small  amount  of 
energy  compared  to  the  amounts  involved  in  most  of  our  everyday 

1  Presumably  this  movement  ceases  at  the  absolute  zero  of  temperature. 
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activities  the  kilogram  calorie  is  used.  This  is  equal  to  one  thousand 
times  the  gram  calorie,  or  the  amount  of  energy  required  to  raise  1  kilo¬ 
gram  of  water  from  15°  to  16°  Centigrade.  In  dietetics  the  energy  values 
of  foods  are  usually  expressed  in  kilogram  calories. 

Just  as  there  is  a  law  of  the  conservation  of  matter,  so  there  is  a  law  of 
the  conservation  of  energy.  This  law  states  that  energy  may  be  changed 
from  one  form  to  another  but  it  is  never  created  or  destroyed.^ 


Room  temperature  20°C 


1  level  teaspoonful  of  sugar 
when  completely  oxidized 
gives  16  kilogram-calories 


V/hen  cooled  to  room  temperature  To  raise  an  automobile  weighing 

gives  16,000  gram-calories  1400  kilograms  5  meters,  requires 

=  16  kilogram-calories  approximately  16  kilogram-calories 

Fig.  5:5  Diagram  to  show  the  effect  of  transforming  16  kilogram-calories  into  different 
forms  of  energy. 


All  the  evidence  available  seems  to  show  that  the  laws  of  the  conserva¬ 
tion  of  energy  apply  to  all  living  phenomena.  Most  biologists  are  there¬ 
fore  unwilling  to  admit  the  existence  of  any  vital  force  or  vital  principle. 


3.  SOLIDS,  LIQUIDS,  AND  GASES 

In  a  solid  the  attractive  forces  between  the  molecules  are  so  strong 
and  the  amount  of  movement  due  to  heat  so  slight  that  the  shape  and 
volume  of  the  mass  remains  constant,  provided  the  temperature  does  not 
change.  When  the  temperature  is  increased  to  the  point  where  the  solid 
melts  and  becomes  a  liquid,  the  heat  energy  which  has  been  added  to  it 
finds  expression  in  an  increased  movement  of  the  moleeules  to  the  point 
where  they  may  glide  over  each  other  and  allow  the  liquid  to  How  but 
not  to  change  very  much  in  volume  (Fig.  5:6).  When  the  temperature  is 


^  See  note  on  p.  114. 
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raised  still  further,  to  the  point  where  the  liquid  boils,  the  increased 
heat  causes  the  molecules  to  move  to  such  an  extent  that  they  are  no 
longer  held  together,  but  journey  off  into  space  forming  a  gas  which  will 
occupy  any  volume  to  which  it  has  access.  The  pressure  which  a  gas 
exerts  on  the  walls  containing  it  is  due  to  the  bombardment  of  the  walls 
by  the  molecules  of  the  gas. 


Fig.  5:6  Diagrams  to  show  the  density  and  distribution  of  the  molecules  in  a  gas, 
liquid,  and  solid. 

4.  THE  STRUCTURE  OF  ATOMS 

To  understand  how  atoms  form  molecules  we  must  consider  the  struc¬ 
ture  of  the  atoms.  No  one,  of  course,  has  seen  the  interior  of  an  atom,  but 
modern  physics  gives  us  a  picture  of  the  atom  which  makes  possible  an 
explanation  of  how  atoms  interact  to  form  molecules.  According  to  this 
picture  atoms  are  composed  of  extremely  minute  particles.  Three  kinds 
of  particles  will  be  considered  in  the  following  discussion,  protons, 
electrons,  and  neutrons.  All  protons  are  alike  and  each  one  carries  the 
same  positive  charge  of  electricity.  All  electrons  are  also  alike,  and  each 
of  them  carries  a  negative  charge  of  electricity  equal  but,  of  course, 
opposite  to  that  on  a  proton.  Neutrons  are  particles  resembling  protons 
but  without  an  electric  charge  (Fig.  5:7). 

An  atom  is  pictured  as  consisting  of  a  central  portion  called  the 
nucleus  of  the  atom,^  containing  protons  and  neutrons  and  an  outer 
portion  consisting  of  electrons  only,  arranged  around  the  nucleus  in 
shells  or  layers.  The  electrons  are  held  in  the  atom  by  the  attraction 
between  their  negative  charges  and  the  positive  charges  on  the  protons. 

^  The  use  of  the  term  nucleus  here  for  a  portion  of  the  atom  is  not  to  be  confused  with  its  use 
in  the  previous  chapter  for  a  part  of  the  cell.  The  word  is  used  in  its  original  meaning  of 
“kernel”  or  “central  portion.” 


Solid 
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When  the  number  of  electrons  in  an  atom  is  equal  to  the  number  of 
protons  the  total  charge  on  the  atom  is  zero  and  the  atom  is  said  to  be  a 
neutral  atom.  Certain  atoms  may  gain  or  lose  electrons.  An  atom  in 
either  of  these  conditions  is  said  to  be  an  ion.  For  the  present  we  will 
confine  our  attention  to  neutral  atoms.  The  atom  of  an  element  may  be 
assigned  a  number  which  is  equal  to  the  number  of  protons  in  its  nucleus. 


Inner  electron 
shell 


0 


Nucleus 


o7x^; 


-Electron  carries 
negative  charge 


\ _ — ^  Proton  carries 

\  positive  charge 


\  / 


Outer  electron^  _ 

shell  ^ 

Fig.  5:7  Diagram  to  show  features  of  atomic  structure. 


Neutron  carries 
no  charge 


This  is  called  its  atomic  number.^  The  atomic  number  of  an  element 
is  also  equal  to  the  total  (always  positive)  charge  on  the  nucleus.  The 
elements  can  then  be  arranged  in  a  series  according  to  their  atomic 
numbers.  The  element  of  highest  atomic  number,  uranium,  has  atomic 
number  92.  Not  all  of  the  elements  between  hydrogen,  atomic  number  1, 
and  uranium,  atomic  number  92,  have  been  discovered  but  the  gaps  in 
the  series  are  gradually  being  filled.  It  is  possible  that  one  or  more  ele¬ 
ments  with  atomic  numbers  greater  than  92  may  be  discovered  or  be 
artificially  produced.  This  arrangement  is  very  instruetiva'  since  the 
physical  and  chemical  behavior  of  an  element  seems  to  be  dependent, 
ultimately,  on  the  charge  on  its  nueleus,  which  determines  the  number 
and  arrangement  of  its  electrons. 

The  atomic  weight  of  an  element  (not  to  be  confused  with  its  atomic 
number)  is  not  the  actual  weight  in  metric  units  of  an  atom  of  the  ele¬ 
ment  but  the  ratio  of  the  weight  of  an  atom  of  the  element  to  the  weight 
of  an  atom  of  hydrogen.  Hydrogen  having  the  lightest  atoms,  the  weight 
of  the  hydrogen  atom  is  tak(‘n  as  a  unit.^  The  atomic  weights  ol  the 

'  The  atomic  number  of  an  element  is  not  to  be  confusect  with  its  atomic  weight,  defmecl  in 
the  next  paragraph. 

2 'I’his  is  not  entirely  eorrect.  I'he  actual  standard  is  oxygen  taken  as  atomic  weight  lO. 
On  this  basis  the  atomic  weight  of  hydrogen  is  1 .0078.  I  lowever,  lor  our  purposes  the  dilh'rence 
can  be  ignored. 
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lighter  elements,  which  include  most  of  those  of  biological  interest,  are 
approximately  twice  their  atomic  numbers. 


Fig.  5:8  Diagrams  of  atoms  of  helium,  neon,  and  argon,  showing  electrons  in  shells. 


As  already  indicated,  the  electrons  occur  in  a  series  of  concentric 
shells  or  layers  about  the  nucleus  as  a  center.  Each  shell  may  contain  a 
certain  number  of  electrons  and  as  one  passes  from  the  elements  of  lower 
to  the  elements  of  higher  atomic  number  and  hence  from  elements  with 


Hydrogen  atom 


Carbon  atom 


Nitrogen  atom  Oxygen  atom 

Fig.  5:9  Diagrams  of  atoms  of  hydrogen,  carbon,  nitrogen,  and  oxygen  showing  elec¬ 
trons  in  shells.  These  four  elements  make  up  ninety-nine  percent  of  protoplasm.  It  will 
be  noticed  that  they  are  all  elements  of  low  atomic  number  and  of  comparatively  simple 
atomic  structure. 


fewer  to  elements  with  more  electrons  the  successive  shells  become  filled 
with  their  quotas  of  electrons.  The  first  or  innermost  shell  is  filled  when 
it  has  two  electrons.  The  second  shell  is  filled  when  it  has  eight  electrons. 
The  third  shell  may  have  as  many  as  eighteen  electrons  but  before  it 
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becomes  filled  electrons  begin  going  into  the  fourth  shell.  It  will  not  be 
necessary  for  us  to  go  beyond  this  point  as  the  elements  which  occur  in 
protoplasm  are  almost  all  elements  of  low  atomic  number. 


Phosphorus  atom 


Sulphur  atom 


Fig.  10  Diagrams  ol  atoms  of  sodium,  magnesium,  phosphorus,  and  sulphur  showing 
electrons  in  shells. 


The  chemical  behavior  of  an  element  seems  to  depend  on  the  electrons 
in  the  outer  shell  of  its  atom.  When  this  outer  shell  is  filled  the  element  is 
inert,  i.e.,  it  docs  not  combine  with  any  other  clement  to  form  a  com- 


Fig.  5:11  Diagrams  of  atoms  of  chlorine  and  potassium  sliowing  ('K'ctroiis  iti  shells. 
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pound.  These  inert  elements  form  a  series  of  rare  gases  found  in  the 
atmosphere  (Fig.  5:8).  The  first  is  helium,  atomic  number  2,  with  its 
single  electron  shell  filled  by  two  electrons.  I'he  second  is  neon,  atomic 
number  10,  its  first  shell  filled  by  two  electrons  and  second  shell  filled 
by  eight  electrons.  The  third  is  argon,  atomic  number  18,  in  which  the 
first  shell  has  two  electrons,  the  second  eight,  and  the  third  eight.*  We 
shall  later  find  that  the  atoms  of  all  elements,  when  the  opportunity 
arises,  tend  to  get  a  complete  outer  shell  either  by  gaining,  by  losing  or 
by  sharing  electrons.  It  is  this  tendency  of  atoms  to  complete  their  outer 
electron  shells  which  gives  rise  to  molecules  and  the  formation  of  chemi¬ 
cal  compounds.  The  structure  of  the  atoms  of  the  elements  which  occur 
most  commonly  in  protoplasm  is  summarized  in  the  table  (Table  5:5) 
and  in  diagrams  (Figs.  5:9  to  5:11). 


TABLE  5:5. 

THE  STRUCTURE  OF  THE  ATOMS  MOST  CO.MMONLY 

OCCURRING 
NEON,  AND 

IN  ORGANISMS 
ARGON 

AND  THE  I.NERT 

ELEMENTS 

HELIUM, 

NAME  OF 

SYMBOL  ATOMIC  NUMBER  = 

NUMBER  OF 

NUMBER  OF 

ELEMENT 

OF  ATOM 

POSITIVE  CHARGE 

ON  NUCLEUS 

ELECTRONS  IN 

OUTER  SHELL 

COVAI.ENT 

BONDS 

Hydrogen 

H 

1 

1 

1 

Helium 

He 

2 

2 

— 

Carbon 

C 

6 

4 

.1 

Nitrogen 

N 

7 

5 

3 

Oxygen 

O 

8 

6 

2 

Neon 

Ne 

10 

8 

— 

Sodium 

Na 

11 

1 

1 

Magnesium 

Mg 

12 

2 

2 

Phosphorus 

P 

15 

5 

3 

Sulphur 

S 

16 

6 

2 

Chlorine 

Cl 

17 

7 

1 

Argon 

A 

18 

8 

— 

Potassium 

K 

19 

1 

1 

Calcium 

Ca 

20 

2 

2 

5.  THE  COMBINATION  OF  ATOMS  TO  FORM  MOLECULES 

The  exact  nature  of  the  forces  or  other  physical  agents  by  which  atoms 
are  combined  to  form  molecules  is  not  clearly  known.  However,  as  al- 


1  In  all  of  the  elements  above  argon  in  atomic  weight,  except  potassium  and  calcium,  the  J 
third  shell  contains  more  than  eight  electrons,  but  this  need  not  concern  us  here. 
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ready  stated,  the  process  is  intimately  dependent  on  the  electrons  in  the 
outer  shells  of  the  atoms.  Further,  the  electrons  are  involved  in  pairs,  one 
member  of  the  pair  usually  coming  from  one  atom  and  the  other  member 
of  the  pair  from  the  other  atom.  The  term  valence  bond^  is  applied  to 
the  attractive  or  holding  force  which  seems  to  act  through  a  pair  of 
electrons  to  unite  two  atoms. 

A.  COVALENT  AND  COORDINATE  BONDS 

A  molecule  of  water  is  composed  of  one  atom  of  oxygen  combined 
with  two  atoms  of  hydrogen  (Fig.  5:12).  This  is  indicated  by  the  formula, 
H2O,  called  the  molecular  formula,  since  it  indicates  the  numbers  of 
the  different  atoms  combined  in  the  molecule.  It  will  be  remembered 


O— H 


Bond  formula 


Fig.  5:12  Formation  of  a  molecule  of  water  by  the  sharing  of  electrons  between  the 
atoms  of  oxygen  and  hydrogen  and  the  formation  of  covalent  lx)nds.  Only  the  electrons 
of  the  outer  shells  are  shown. 


that  oxygen  has  the  atomic  number  8  and  contains  six  electrons  in  its 
outer  shell,  i.e.,  its  outer  shell  lacks  two  electrons  of  the  stable  number 
eight  found  in  tlu*  inert  gas  neon,  diu'  atom  of  oxygen  therelore  tends  to 
take  on  two  eh'ctrons.  The  hydrogem  atom  has  but  one  electron  in  its 
single  shell  and  thus  lacks  one'  (dt'ctron  of  the  stable  number  in  the  corre¬ 
sponding  inert  gas  helimn  which  has  two  electrons.  A  stable  condition 

'  “Valrncr”  a.s  a  srparatr  term  has  l)rcn  avoided  in  this  discussion  since  this  approach  is 
somewhat  confusing  to  the  beginner  and  it  seems  more  enlightening  to  stre.ss  molecular  struc¬ 
ture  and  the  role  of  the  electrons.  File  valence  of  an  atom  may  be  defined  as  the  number  of 
atoms  of  hydrogen  (or  its  e(|uivalcnt)  that  will  combine  with,  or  Ik*  replaced  by,  the  .Uoin  in 
(juestion. 
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is  arrived  at  by  the  atoms  of  oxygen  and  hydrogen  when  they  combine 
to  form  water  by  the  sharing  of  electrons.  Each  of  the  two  hydrogen 
atoms  shares  its  electron  with  the  oxygen  atom,  thus  this  atom  comes  to 
have  eight  electrons  in  its  outer  shell,  while  the  oxygen  atom  shares  elec¬ 
trons  with  the  hydrogen  atoms,  one  to  each,  so  that  each  of  the  hydrogen 
atoms  then  has  two  electrons,  the  stable  number.  When  atoms  arc  united 
by  sharing  electrons  they  arc  said  to  be  joined  by  covalent  bonds  and 
the  compounds  are  called  covalent  compounds  (Idg.  5:12).  C'ovalcnt 
bonds  are  usually  indicated  by  short  lines  connecting  the  syml:>ols  for 
the  atoms. 

Another  example  of  a  compound  in  which  the  molecule  is  formed  by 
electron  sharing  or  covalence  is  carbon  dioxide,  COo.  The  carbon  atom. 


3 

© 

(3YTY7) 

Carbon  atom 

Oxygen  atom 

Carbon  dioxide  molecule 

•  Electron  of  carbon  atom 

°  Electron  of  oxygen  atom 

Bond  formula 

Fig.  5:13  Formation  of  a  molecule  of  carbon  dioxide  by  the  sharing  of  electrons  be¬ 
tween  the  oxygen  and  carbon  atoms.  The  carbon  atom  shares  two  of  its  four  electrons 
with  one  oxygen  atom  and  two  with  the  other  oxygen  atom  while  each  of  the  oxygen 
atoms  shares  two  of  its  electrons  with  the  carbon  atom.  The  latter  sharing  is  not  repre¬ 
sented  in  the  diagram  as  it  would  then  have  to  be  in  three  dimensions. 

it  will  be  remembered,  has  four  valence  electrons  and  needs  therefore 
four  more  to  make  its  outer  shell  complete.  Oxygen,  on  the  other  hand, 
has  six  valence  electrons  and  requires  two  to  complete  its  outer  shell. 
The  one  carbon  atom  and  the  two  oxygen  atoms  combine  so  that  each 
of  the  two  oxygen  atoms  shares  two  of  its  electrons  with  the  carbon  atom : 
in  this  way  the  outer  shells  of  each  of  the  atoms  is  made  complete  (Fig. 
5:13).  Covalent  bonds  occur  in  the  formation  of  the  molecules  of 
elements.  The  common  form  of  free  oxygen  consists  of  molecules  each 
composed  of  two  atoms.  Each  atom  contains  six  outer  electrons  and 
therefore  lacks  two  electrons  of  the  stable  number.  Four  electrons  are 
shared,  two  from  each  atom,  so  that  in  the  combined  states  the  outer  ! 
shells  are  completed.  I 

A  coordinate  bond  may  be  regarded  as  a  special  type  of  covalent  i  i 
bond  in  which  the  two  shared  electrons  instead  of  coming  originally  one  i 
from  each  of  the  atoms,  both  come  from  one  of  the  atoms.  An  example  ) 
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occurs  in  the  case  of  the  formation  of  an  ammonium  ion.^  The  gas  am¬ 
monia,  NH3,  is  a  compound  in  the  molecule  of  which  there  are  three 
covalent  bonds  which  may  be  represented  as  in  Fig.  5:14.  Here  the  outer 


Bond  formula  H — N 


H 

Fig.  5:14  Formation  of  the  ammonia  molecule  by  electron  sharing  in  which  there  is 
left  a  lone  pair  of  electrons  in  the  nitrogen  atom.  The  other  electrons  form  covalent  bonds. 

shell  of  each  of  the  hydrogen  atoms  is  completed  by  an  electron  shared 
with  the  nitrogen  atom  and  the  outer  shell  of  the  nitrogen  is  completed 
by  electrons  shared  with  the  hydrogen  atoms.  In  this  arrangement  there 


H 


+ 


Electron  of  nitrogen  atom 


Ammonia  molecule  Hydrogen  Ion 

•  Electron  of  hydrogen  atom 
Fig.  5: 15  Formation  of  a  j)osiliv<*  ammonium  ion  by  ('Icctron  sharing  in  which  (he  lone 
pair  of  electrons  of  the  nitrogen  atom  jiick  up  a  hydrogen  nucleus.  1  he  bond  formed  in 
this  case  is  a  coordinate  bond. 


'  File  formation  of  ions  is  eonsidc'red  in  a  l.iter  section  (Section  7,  (.).  An  ion  is  formed  from 
a  neutral  atom  or  a  netilral  moU'cnW'  when  one  or  more  eleeti'ons  are  taken  .'uvay  Irom  it  or 
added  to  it.  Since  electrons  e.irry  neg.itiv('  eh.irgc's  wlum  one  oi‘  >nore  of  them  are  taken  away 
from  an  .itoin  or  a  molecule,  the  (Mleel  is  (h.it  of  giving  (he  atom  or  molt'eule  a  positive  I'h.irge. 
( lonversely,  when  one  or  more  ('h'ctrons  ar<'  added  to  an  atom  or  molecule  tlu*  (“Ih'ct  is  th.il  of 
giving  the  .iloiu  or  moh'eule  ,i  negative'  eh.irge'. 
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is  a  pair  of  electrons  in  the  outer  shell  of  the  nitrogen  atom  which  are  not 
involved  in  the  formation  of  any  bond.  These  electrons  are  said  to  form  a 
lone  pair  of  electrons.  When  an  ammonia  ion  is  formed  by  the  union  of 
a  hydrogen  ion  with  a  molecule  of  ammonia  (Fig.  5:15)  the  lone  pair 
forms  the  bond.  Coordinate  bonds  differ  from  covalent  bonds  only  in  that 
both  of  the  electrons  of  the  shared  pair  come  from  only  one  of  the  atoms 
involved. 

B.  ELECTROVALENCE 


In  electrovalent  compounds  the  molecules  may  be  regarded  as 
formed  by  the  union  of  positive  and  negative  ions,  the  ions  being  held 


Sodium  atom  Chlorine  atom  Sodium  chloride  molecule 


•  Electron  of  sodium  atom  °  Electron  of  chlorine  atom 

Fig.  5:16  Formation  of  sodium  chloride.  In  this  case  an  electron  from  the  sodium 
atom  passes  to  the  chlorine  atom  forming  an  electrovalent  bond. 

together  by  the  attraction  which  exists  between  oppositely  charged 
bodies.  An  example  is  furnished  by  common  table  salt,  sodium  chloride, 
NaCl.  The  valence  shell  of  the  sodium  atom  contains  one  valence  elec¬ 
tron.  The  atom  tends  to  lose  this  electron  in  order  to  attain  the  stable 
condition  of  eight  electrons  in  the  outer  orbit.  It  then  becomes  a  posi¬ 
tively  charged  ion,  Na*^.  The  atom  of  chlorine  contains  seven  valence 
electrons.  It  therefore  tends  to  take  up  an  electron  and  become  a  nega¬ 
tively  charged  ion,  Cl~.  When  the  positively  charged  sodium  ion  unites 
with  the  negatively  charged  chlorine  ion  a  neutral  substance,  sodium 
chloride,  is  formed  (Fig.  5:16).  The  bond  which  unites  the  sodium  and 
the  chlorine  atoms  is  called  an  electrovalent  bond.  Compounds  in 
which  the  atoms  are  united  by  electrovalent  bonds  are  known  as  electro¬ 
valent  compounds.  Electrovalent  compounds  tend  to  dissociate  into  ions 
when  in  solution. 

6.  POLAR  AND  NONPOLAR  COMPOUNDS 

The  two  types  of  union  by  bonds  to  form  compound  molecules  dis¬ 
cussed  in  the  two  previous  sections  indicate  the  existence  of  two  types  of 
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compounds,  already  distinguished  as  covalent  compounds  and  electro- 
valent  compounds.  Compounds  may  also  be  distinguished  as  nonpolar 
and  polar  compounds.  The  term  polar  is  used  to  express  the  fact  that  the 
molecules  of  these  substances,  although  neutral  as  a  whole,  nevertheless 
have  electric  charges  distributed  in  them  in  such  a  way  that  one  portion 
of  the  molecule  is  positive  to  another  portion  which  is  negative.  In  - 
general,  covalent  compounds  tend  to  be  nonpolar,  while  electrovalent 
compounds  are  polar.  However,  many  covalent  compounds  show  a 
certain  amount  of  polarity.  Thus  water,  although  its  molecules  consist 
of  atoms  united  by  covalent  bonds,  is  a  polar  compound  (Fig.  5:17). 
This  polarity  of  the  water  molecule  is  explained  as  due  to  the  shared 


electrons  being  held  closer  to  the  oxygen  atom  than  to  the  hydrogen 
atoms  and  to  the  atoms  being  arranged  to  form  a  V  rather  than  a 
straight  line.  Polar  compounds  arc  usually  soluble  in  other  polar  com¬ 
pounds,  c.g.,  sodium  chloride  in  water;  while  nonpolar  compounds  are 
usually  soluble  in  other  nonpolar  compounds,  c.g.,  paraffin  wax  in  ben¬ 
zene.  On  the  other  hand  polar  compounds  arc  usually  insoluble  in  non¬ 
polar  compounds,  e.g.,  sodium  chloride  will  not  dissolve  in  benzene  and, 
vice  versa,  nonpolar  compounds  are  usually  not  soluble  in  polar  com¬ 
pounds  c.g.,  paraffin  wax  is  not  .solul)le  in  water. 

7.  SOLUTION 

A.  KINDS  OF  SOLUTIONS 

When  common  salt,  NaCll,  is  placed  in  water  it  dissolves  and  is  said 
to  go  into  solution.  In  this  cas(‘  the  .solution  is  one  in  which  a  solid,  the 
salt,  is  (lis.solved  in  a  licjuid.  A  solution  may  also  result  when  a  gas  sucli  as 
carbon  dioxide,  (IO2,  is  dissolved  in  water  as  in  ordinary  soda  water,  01 


! 
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when  another  liquid  such  as  alcohol  is  dissolved  in  water.  In  the  above 
cases  the  water  is  called  the  solvent  and  the  salt,  carbon  dioxide  or 
alcohol,^  the  solute.  In  a  solution,  the  substances  become  very  finely 
divided  so  that  the  individual  molecules  (or  ions)  of  the  solute  and  solvent 
are  uniformly  dispersed  among  each  other.  A  solution  is  not  a  compound 
since  the  proportion  of  solvent  and  solute  may  be  varied.  Neither  is  a 
solution  a  mixture  since  some  of  the  properties,  such  as  the  boiling  point 
and  the  freezing  point,  are  different  from  those  of  the  constituents.  The 
concentration  of  a  solute  is  the  amount  of  the  solute  in  a  given  volume 
of  solvent,  the  volume  usually  taken  being  1  liter  or  about  1  quart. 
A  dilute  solution  or  a  solution  of  low  concentration  is  one  in  which  a 
relatively  small  amount  of  solute  is  present.  A  strong  solution  or  a  solu¬ 
tion  of  high  concentration  is  one  in  which  the  solute  is  present  in  large 
quantity.  Substances  differ  in  their  solubility,  i.e.,  their  capacity  to  go 
into  solution.  When  a  given  amount  of  solvent  has  dissolved  all  of  a 
solute  that  it  is  capable  of  dissolving,  it  is  said  to  be  saturated.  Some 
substances  are  practically  insoluble,  i.e.,  will  not  dissolve;  others  are 
slightly  soluble;  while  still  others  are  very  soluble  and  may  even  dissolve 
in  the  solvent  in  almost  any  amount.  The  solubility  of  solid  substances 
frequently  increases  with  a  rise  in  temperature.  With  gases  it  is  usually 
the  reverse,  the  solubility  decreasing  with  increasing  temperature.  Since 
protoplasm  contains  a  large  amount  of  water  (60  to  90  per  cent)  we 
are  chiefly  concerned  with  aqueous  solutions  or  solutions  in  which  water 
is  the  solvent. 

B.  DIFFUSION 

In  any  solution  the  solute,  if  given  time,  becomes  uniformly  distributed 
in  the  solvent.  This  is  due  to  diffusion.  Diffusion  can  be  easily  demon¬ 
strated  if  a  crystal  of  cupric  sulphate  (CUSO4  •  5  H2O),  a  blue  salt  of 
sulphuric  acid,  H2SO4,  is  placed  in  the  bottom  of  a  tall  cylinder  which  is 
then  carefully  filled  with  water  (Fig.  5:18).  The  cupric  sulphate  when  it 
dissolves  gives  a  blue  color  which  is  seen  to  extend  gradually  through  the 
cylinder.  The  blue  color  is  due  to  the  cupric  ions  (Cu'^'^).  If  the  water  is 
kept  undisturbed  and  at  constant  temperature,  the  blue  color  will  rise 
slowly  in  the  cylinder,  indicating  that  the  cupric  ions  are  moving  against 
the  force  of  gravity  and  becoming  distributed  in  the  water.  Diffusion 
may  be  defined  as  the  movement  of  ions,  molecules,  or  small  aggregates 

1  In  the  case  of  two  liquids  the  one  present  in  the  greater  amount  is  usually  called  the  sol¬ 
vent.  Thus  in  the  case  of  alcohol  over  50  per  cent  the  alcohol  would  be  referred  to  as  the  solvent 
and  the  water  as  the  solute,  but  we  will  not  ordinarily  be  concerned  with  such  solutions. 
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of  molecules  from  regions  of  high  concentration  to  regions  of  low  concen¬ 
tration.  Under  constant  conditions,  diffusion  takes  place  very  slowly  and 
days  may  elapse  before  the  solution  in  the  above 
experiment  gives  a  uniform  blue  color,  show¬ 
ing  that  the  cupric  ions  have  become  evenly 
distributed  throughout  the  water.  If  the  cylin¬ 
der  is  shaken  or  the  water  is  stirred,  diffusion 
takes  place  much  more  rapidly.  The  rate  of 
diffusion  is  also  increased  if  the  temperature  is 
raised. 

Substances  with  small  molecules  or  small 
ions,^  and  especially  hydrogen  ions,  diffuse 
more  rapidly  than  substances  with  large  ions 
or  large  molecules  which  do  not  form  ions, 
such  as  sugar.  While  diffusion  in  an  undis¬ 
turbed  solution  is  slow  when  considered  in 
terms  of  vessels  of  ordinary  size,  this  is  not  the 
case  in  the  microscopic  dimensions  of  the 
cell.  Thus  an  inorganic  substance  with  re¬ 
latively  small  molecules  or  ions  may  diffuse 
throughout  a  cell  of  average  size  in  a  few  minutes 


Fig.  5:18  Diagram  of  a 
colored  substance  dissolving 
and  diffusing  in  water.  From 
Holman  and  Robbins,  Text¬ 
book  of  General  Botany^  by 
permission  of  John  Wiley  & 
Sons,  Inc. 


C.  ELECTROLYTES  AND  IONS 

Based  partly  on  their  behavior  in  solutions,  chemical  substances  may 
be  divided  into  two  groups  called  respectively  nonelectrolytes  and 
electrolytes.  Nonelectrolytes  when  in  solution  occur  as  molecules  dis¬ 
persed  among  the  molecules  of  the  solvent.  Such  solutions  arc  very 
poor  conductors  of  the  electric  (urn'nt.  Chemical  reactions  between 
nonclcctrolytcs  in  solution  usually  take  place  slowly.  Many  ol  the  sub¬ 
stances  found  in  organisms  are  classified  as  noncJeetrolytes.  For  example, 
sugar  and  urea  are  noiK'hxdrolytes.  Electrolytes  when  dissolved  in 
water  break  up  into  ions,  a  proec'ss  calk'd  ionization.  An  ion  is  an  atom 
or  a  group  of  atoms  carrying  oik*  or  more'  jK)sitive  or  one  or  more  nega- 
tiv(‘  charges.  I'Jectrovalent  e()mj)()unds  readily  break  uj)  into  ions  when 
in  solution.  Thus  sodium  chloride,  NaCl,  yi('lds  sodium  ions,  NhC,  and 
chloride  ions.  Cl  “.  I  lowc'ver,  eovah'nt  eom|)()unds  may  also  act  as 
electrolytes  and  yield  ions  by  reac  ting  with  watc'r.  I  hus  wlu'n  hydro¬ 
chloric  acid  gas,  11(11,  is  added  to  water,  hydronium  ions,  and 

chlorines  ions,  Cl~,  an'  lormc'd  (I'ig.  5:F)). 


'  Sre  S( C.  ( ;. 
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The  case  of  water  is  somewhat  peculiar.  Two  molecules  react  to  form 
two  ions.  The  nucleus  of  one  of  the  hydrogen  atoms  of  one  of  the  water 
molecules  breaks  away,  leaving  its  electron  behind,  and  unites  with  the 


•  Electron  of  hydrogen  atom 


Fig.  5:19  Ionization  of  a  covalent  comptound,  hydrochloric  acid.  :\  hydrogen  nucleus 
(a  single  proton)  is  transferred  from  the  hydrogen  atom  in  the  hydrochloric  acid  to  a 
water  molecule. 


Other  water  molecule.  Thus  from  the  two  molecules  of  water  two  ions 
are  formed,  one  of  which  is  positive  and  contains  in  addition  to  the 
oxygen  atom  two  hydrogen  atoms  and  a  hydrogen  nucleus,  while  the 
other  is  negative  and  contains  in  addition  to  the  oxygen  atom  one 
hydrogen  atom  and  an  extra  electron  (Fig.  5:20).  'The  former  ion. 


Coordinate  bond 


Woter  Water  Hydronium  ion  Hydroxyl  ion 

°  Electron  of  oxygen  atom  •  Electron  of  hydrogen  atom 

Fig.  5:20  Ionization  of  water.  A  hydrogen  nucleus  is  transferred  from  one  molecule 
of  water  to  another  molecule  of  water. 


is  called  the  hydronium  ion,^  the  latter  ion,  OH“,  is  called  the 
hydroxyl  ion.  The  reaction  goes  on  continually  and  in  each  direction, 
water  molecules  breaking  up  to  form  ions  and  ions  recombining  to  form 
neutral  water  molecules. 

^  According  to  the  older  chemistry  the  water  molecule,  H2O,  dissociated  into  hydrogen 
ions,  H^,  and  hydroxyl  ions,  OH~.  It  is  now  believed  that  hydrogen  ions  seldom  if  ever  exist 
alone  in  aqueous  solutions. 
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A  list  of  the  ions  commonly  occurring  in  organisms  is  given  in  Table 
5:6. 

The  distinction  between  nonelectrolytes  and  electrolytes  is  not  a  sharp 
one.  Some  substances  ionize  readily  so  that  when  they  are  in  solution 
almost  all  of  the  substance  is  dissociated  into  ions,  while  other  substances 
dissociate  only  slightly  or  almost  not  at  all.  Substances  which  dissociate 
readily  into  ions  are  called  strong  electrolytes.  Solutions  of  such  sub¬ 
stances  are  good  conductors  of  electricity  because  of  the  large  number 

TABLE  5:6.  IONS  MOST  COMMONLY  FOUND  IN  ORGANISMS 


POSITIVE  IONS  NEGATIVE  IONS 


Hydronium  * 

H3O+ 

Hydroxyl 

OH- 

Ammonium 

NH4^ 

Bicarbonate 

HCO3- 

Sodium 

Na" 

Nitrate 

NO3- 

Magnesium 

Mg-^ 

Nitrite 

NOj- 

Potassium 

K+ 

Dihydrogen  phosphate 

HjPOr 

Calcium 

Ca++ 

Sulphate 

sor- 

Iron 

*See  note  p.  138. 


of  ions  present.  Substances  which  dissociate  only  slightly  into  ions  are 
called  weak  electrolytes.  They  arc  poor  conductors  of  electricity.  The 
ions  of  weak  electrolytes  combine  readily  with  each  other.  This  is  why 
solutions  of  these  substances  tend  to  contain  molecules  rather  than  ions. 
The  reverse  is  the  case  with  strong  electrolytes,  their  solutions  containing 
ions  rather  than  molecules  becau.se  the  ions  do  not  combine.  Sodium 
chloride  is  a  strong  electrolyte  while  carbonic  acid  is  a  weak  electrolyte. 

Solutions  of  electrolytes  are  good  conductors  of  electricity.  Chemical 
reactions  between  electrolyte's  in  .solution  occur  rapidly.  Substances 
classified  as  electrolytes  include  most  acids,  bases,  and  salts.  They  arc 
discus.sed  in  a  later  .section. 

The  ionization  of  water  is  of  sp<‘cial  inten'st  becau.sc  of  its  importance 
in  biological  systems.  Water  is  an  exe'eec finely  weak  electrolyte.  In  the 
case  of  pure  water  the  numlx'r  of  hydronium  ions,  Olb^,  is  ecjual  to  the 
nurnlx'r  of  hydroxyl  ions,  Oil  .  This  is  (‘asily  imch'rstood  when  it  is 
remembered  that  each  molec'ule  ol  w<it('r  which  dissoc  iates  lorms  one  of 
each  kind  of  ion.  I’Ik*  ionic  ('oiu'cntration  of  |)ur<*  wati'r,  i.e.,  the  numlx'r 
of  ions  in  a  given  (ju.mtity  of  wat<‘r,  is  r('hitiv('ly  small  and  constant.' 
T  he  numlx'r  is  small  lx'caus('  only  a  small  j)roj)oi  tion  ol  tlu'  water  mole¬ 
cules  (liss(X'iat('.  Th(*  numlx'r  is  ('onst.mt  lx'('aus(',  whih'  the  conditions 
remain  tlx*  same',  tlx'  iat('  of  dissoi'iation  is  ('(jual  to  the  rate  ol  ri'com- 
bination. 

'  Achi.illy  it  v'.iiirs  snitirwh.it  with  thr  triu|>rraturr,  l)tit  the  variation  within  tlic  limits  ol 
ordinary  trmpn.itnrrs  is  slight. 
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When  hydrochloric  acid,  HCl,  is  dissolved  in  water  it  dissociates  into 
ions.  When  this  occurs  the  hydrogen  atom  gives  up  its  electron  to  the 
chlorine  atom  and  unites  with  a  molecule  of  water  to  form  an  hydronium 
ion,  HsO'*',  while  the  chlorine  atom  after  receiving  the  electron  from  the 
hydrogen  atom  becomes  a  chlorine  ion,  Cl“.  There  is  therefore  an  in¬ 
crease  in  the  total  number  of  hydronium  ions  in  the  solution  or  an  in¬ 
crease  in  the  hydronium  ion  concentration.  We  have  already  seen 
that  when  an  hydronium  ion  encounters  an  hydroxyl  ion  a  molecule  of 
water  is  formed.  As  the  number  of  hydronium  ions  is  increased  the 
number  of  encounters  is  increased.  This  leads  to  a  decrease  in  the  num¬ 
ber  of  hydroxyl  ions  or  a  decrease  in  the  hydroxyl  ion  concentration. 
Thus  as  the  number  of  hydronium  ions  increases,  the  number  of  hy¬ 
droxyl  ions  decreases.  Careful  experimental  work  has  shown  that  the 
product,  hydronium  ion  concentration  multiplied  by  hydroxyl  ion  con¬ 
centration,  is  a  relatively  constant  quantity  for  all  aqueous  solutions 
(i.e.,  solutions  with  water  as  the  solvent)  under  the  same  conditions. 

When  sodium  hydroxide  is  dissolved  in  water  the  ions  formed  are 
sodium  ions,  Na"^,  and  hydroxyl  ions,  OH~.  The  addition  of  the  hy¬ 
droxyl  ions  to  the  solution  leads  to  an  increase  in  the  total  number  of 
hydroxyl  ions  and,  by  reasoning  similar  to  that  pursued  in  the  case  of 
hydrochloric  acid,  the  number  of  hydronium  ions  is  in  this  case  de¬ 
creased. 

8.  ACIDS,  BASES,  AND  SALTS 
A.  DEFINITIONS 

When  one  thinks  of  an  acid  one  is  apt  to  have  in  mind  acids  like 
hydrochloric  acid,  sulphuric  acid,  or  nitric  acid  which  burn  the  skin  and 
cause  violent  reactions  when  placed  with  many  other  substances. 
These  are  the  acids  commonly  used  in  the  chemical  laboratory,  mostly 
because  they  exhibit  in  a  striking  manner  the  properties  of  acids.  But 
there  are  many  other  acids  such  as  acetic  acid  which  gives  vinegar  its 
sour  taste,  citric  acid  which  occurs  in  oranges  and  lemons,  and  lactic 
acid  which  occurs  in  sour  milk,  which  are  less  violent  in  their  action. 
Carbonic  acid  is  used  in  carbonated  waters  and  gives  them  a  bitter 
taste.  Biologically,  carbonic  acid  is  one  of  the  most  important  acids. 
When  carbonic  acid,  H2CO3,  is  dissolved  in  water  it  dissociates  to  form 
hydronium  ions,  H3O+,  and  bicarbonate  ions,  HC03“.  A  proton,  H+, 
(a  hydrogen  atom  minus  its  electron)  is  transferred  from  the  carbonic 
acid  molecule  to  a  water  molecule  which  then  becomes  an  hydronium 
ion,  while  the  carbonic  acid  molecule  becomes  a  bicarbonate  ion  (Fig. 
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5:21).  This  reaction  gives  us  the  definition  of  an  acid.  An  acid  is  a  sub¬ 
stance  which  can  transfer  protons  to  another  substance.'- 
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h-6-h 

Carbonic  acid 
acts  as  an  acid 

Water  acts  as 
a  base 

Bicarbonate  ion 

Hydronium  ion 

H2CO3  +  HjO  — ^  H3  0’'’+  HCOj" 

Fig.  5:21  The  acid-base  relations  of  carbonic  acid.  A  hydrogen  nucleus  is  transferred 
from  the  carbonic  acid  molecule  to  a  water  molecule.  In  this  case  water  acts  as  a  base. 


A  base  is  a  substance  which  can  combine  with  one  or  more  protons, 
i.e.,  it  is  a  substance  which  can  take  up  the  protons  given  up  by  an  acid. 
Thus  in  the  first  reaction  (Fig.  5:21)  the  water  molecule  on  the  left 
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0 

1 

H 

1 

:R:-0-C=0 

O-H  — > 

O-C'^O 

+ 

H-O-H 

Bicarbonate  ion  Water  acts  as  Carbonate  ion  Hydronium  ion 

acts  as  an  acid  a  base 


H  C  Oj'  +  HjO  — >  H3O*  +  C  O3  ■■ 

Fig.  5:22  The  acid-base  relations  of  the  bicarbonate  ion.  A  hydrogen  nucleus  is  trans¬ 
ferred  from  the  bicarbonate  ion  to  a  water  molecule.  The  resulting  carbonate  ion  carries 
two  negative  charges. 

acts  as  a  base  since  it  receives  the  proton  given  up  by  the  carbonic  acid 
molecule. 

The  reaction  IxTwecn  carbonic  acid  and  water  may  go  farther 
(Fig.  5:22).  In  this  ca.st*  the  bicarbonate  ion,  HCOa”,  acts  as  an  acid, 
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•H  -  O-H 

— >  H-O-C-0  + 

0-  H 

Bicarbonate  ion 
acts  as  base 

Hydronium  ion 
acts  as  acid 

Carbonic  acid 

Water 

HCO3-  +  H3O'  — H2CO3  -h  H2O 

Fig.  5:23  I’Ik^  reaction  .shown  in  lug.  5:21  is  here  shown  going  in  the  reverse  direction. 
In  this  ease  tlie  hydronium  ion  acts  as  an  acid  giving  up  a  liydrogen  nueleus  and  (he  bi¬ 
carbonate  ion  acts  as  a  base  receiving  the  hydrog('n  nucleus. 

'  rhisand  the  con  rsponding  (Irfinition  of  a  base  are  (he  newer  definitions.  The  older  defini¬ 
tions  are  not  eompU'lely  a|)plieal)le  to  organic  compounds  nor  to  many  biological  phenomena. 
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giving  up  a  proton  to  another  water  molecule,  and  becoming  itself  a 
carbonate  ion,  CO3 — .  Under  certain  conditions  either  of  the  reactions 
considered  may  go  in  the  reverse  direction  (Fig.  5:23).  In  the  first  case 
the  hydronium  ion  acts  as  an  acid,  giving  up  a  proton  to  the  bicar¬ 
bonate  ion  which  then  behaves  as  a  base.  In  the  second  case  the  hy¬ 
dronium  ion  behaves  as  an  acid,  and  the  carbonate  ion  as  a  base. 

Thus  on  each  side  of  the  arrow  in  each  of  the  reactions  shown  there  is 
an  acid  which  may  give  up  a  proton,  and  a  base  which  may  receive  a 

HCL  +  H^O  — >  H3O"  +  cr 

Hydrochloric  acid  Water  acts  Hydronium  ion  Chloride  ion 

acts  as  an  acid  as  a  base 

Fig.  5:24  Acid-base  relations  of  hydrochloric  acid. 

proton.  Also  the  base  on  the  right,  bicarbonate  ion,  HCOa”,  in  the  first 
case,  is  the  part  of  the  molecule  of  carbonic  acid,  H2CO3,  which  is  left 
after  the  transfer  of  the  proton,  H'*',  to  the  water  molecule.  An  acid  and  a 
base,  which  bear  this  relationship,  such  as  H2CO3  and  HC03~,  are 
called  conjugate  acid  and  base  or  corresponding  acid  and  base.  In  the 
same  reaction  hydronium  ion,  H30^,  and  water,  H2O,  are  also  conjugate 
acid  and  base. 

Another  example  is  provided  by  hydrochloric  acid,  HCl  (Fig.  5:24). 
Here  hydrochloric  acid,  HCl,  and  chlorine  ion,  Cl“,  are  conjugate  acid 
and  base.  Hydrochloric  acid  is  regarded  as  a  strong  acid.  The  strength 


TABLE  5:7.  LIST  OF  CONJUGATE  ACIDS  AND  BASES 


NAME  OF  ACID 

FORMULA 

PER  CENT  DISSO¬ 

FORMULA 

NAME  OF  BASE 

OF 

CIATION  IN  Jfo 

OF 

ACID 

NORMAL  SOLUTION* 

BASE 

Hydrochloric  acid 

HCl 

92. 

ci- 

Chlorine  ion 

t 

1 

Nitric  acid 

HN03 

92. 

NO3- 

Nitric  ion 

1 

bo 

c 

Sulphuric  acid 

H2S04 

61. 

HSO4- 

Hydrogen  sul¬ 

0 

Ui 

phate  ion 

> 

Hydrogen 

HSOr 

SO4— 

Sulphate  ion 

> 

sulphuric  ion 

Phosphoric  acid 

H3PO4 

27. 

H2PO4- 

Dihydrogen 

phosphate  ion 

Acid 

Nitrous  acid 

HNO2 

NO2- 

Nitrate  ion 

Base 

Carbonic  acid 

H2CO3 

0.17 

HCO3- 

Hydrogen 

carbonate  ion 

Dihydrogen 

H2PO4- 

HPO4— 

Monohydrogen 

phosphate  ion 

phosphate  ion 

bo 

e 

Bicarbonate  ion 

HCO3- 

CO3-- 

Carbonate  ion 

0 

Monohydrogen 

HPO4— 

PO4— 

Phosphate  ion 

1 

phosphate  ion 

1 

1 

Water 

H2O 

OH- 

Hydroxyl  ion 

1 

^  From  General  College  Chemistry,  by  Joseph  A.  Babor  and  Alexander  Lehrman,  published 
by  Thomas  Y.  Crowell,  New  York,  1940. 
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of  an  acid  depends  on  the  proportion  of  protons  which  are  available 
in  reactions  with  bases  usually  in  solution  in  water.  Hydrochloric  acid 
is  a  strong  acid  because  it  is  able  to  liberate  large  numbers  of  protons 
as  indicated  in  the  formation  of  large  numbers  of  hydronium  ions  when 
it  is  dissolved  in  water.  On  the  other  hand,  chlorine  ion,  which  is  the  con¬ 
jugate  base  of  hydrochloric  acid,  is  a  weak  base.  It  is  a  weaker  base 
than  hydroxyl  ion  and  the  hydronium  ion  goes  to  the  hydroxyl  ion  in  pref¬ 
erence  to  the  chlorine  ion.  Thus  a  strong  acid  has  a  weak  conjugate  base. 
The  reverse  is  also  true,  that  the  conjugate  base  of  a  weak  acid  is  a 
strong  base.  Or,  in  simpler  words,  the  stronger  the  acid  the  weaker  the 
conjugate  base  and  vice  versa.  Water  may  be  regarded  as  a  very  weak 
acid,  the  conjugate  base  of  which  is  hydroxyl  ion,  OH~,  which  is  a  very 
strong  base  (Fig.  5:20).  The  hydroxyl  ion  is  a  very  strong  base  not 
because  there  are  large  numbers  of  hydroxyl  ions  formed  but  because 
the  hydroxyl  ion  seems  to  have  a  great  attraction  for  protons  (Table  5:7). 

B.  NEUTRALIZATION 

If  a  solution  of  hydrochloric  acid,  HCl,  which  is  a  strong  acid,  be 
mixed  with  a  solution  of  sodium  hydroxide  which  provides  a  strong  base 
in  the  hydroxyl  ion,  OH~,  the  resulting  solution  will  be  found  not  to 
contain  large  numbers  of  hydronium  and  hydroxyl  ions.  The  law  dis¬ 
cussed  in  a  previous  section,  that  the  product  of  the  hydronium  ion 
concentration  and  the  hydroxyl  ion  concentration  equals  a  constant 
quantity,  still  applies.  Indeed,  if  the  solutions  were  made  up  so  as  to 
contain  exactly  equal  numbers  of  hydrochloric  acid  and  sodium  hy¬ 
droxide  molecules  the  mixture  would  be  approximately  neutral  and 
contain  approximately  the  same  numbers  of  hydronium  and  hydroxyl 

(HjO'  +  crj  +  (no  +  OH')  — *  Na+cr+aH^o 

Hydrochloric  acid  Sodium  chloride  Sodium  Chlorine  Water 

in  solution  in  solution  ion  ion 

Fig.  5:25  Neutralization  of  hydrochloric  acid  by  stxiiuin  hydroxide.  While  the  sub¬ 
stances  arc  in  solution  the  sodium  and  the  chlorine  remain  largely  as  ions  and  are  not 
combined  to  form  sodium  chloride. 

ions  as  in  pure  water  (Fig.  5:25).  This  occurs  because  the  hydronium 
ions,  HaO^,  combine  with  (he  hydroxyl  ions,  OII“,  to  form  water,  H2O. 
In  doing  so  they  interchange  charges  and  cease  to  be  ions. 

When  the  solution  is  evaj^oraled  and  the  water  driven  ofT  the  chlorine 
ions,  Cl~,  from  the.  hydrochloric  acid  unite  with  the  sodium  ions,  Na"*", 
from  the  sodium  hydroxide  to  form  sodium  chloride,  NaCl.  Sodium 
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chloride  is  an  example  of  a  class  of  substances  called  salts.  A  salt  is  a 
substance  which  yields  ions  other  than  hydronium  ions  and  hydroxyl 
ions.  As  in  the  example,  salts  are  usually  formed  by  the  action  of  an  acid 
on  a  base. 

In  this  case,  while  the  substances  remain  in  solution  the  only  per¬ 
manent  result  of  the  reaction  is  the  neutralization  of  the  .solution,  i.e.,  the 
equalization  of  the  numbers  of  hydronium  and  hydroxyl  ions  and  the 
formation  of  water. 

Hydronium  ion  concentration  is  exceedingly  important  in  organisms. 
Most  living  processes  can  be  carried  on  only  in  solutions  relatively  near 
to  neutrality.  If  the  protoplasm  becomes  either  loo  acid  or  too  basic, 
death  ensues.  As  we  will  see  in  the  following  .section  special  chemical 
mechanisms  are  employed  to  maintain  constant  the  hydronium  ion 
concentration  of  protoplasm. 

C  BUFFERS  AND  THE  ADJUSTMENT  OF  THE  ACID  BASE 
RELATIONSHIPS 

As  already  stated,  living  processes  require  a  rather  delicate  adjustment 
of  the  hydronium  ion  concentration,  d'his  is  controlled  in  the  living 
cell  by  the  action  of  bufTcrs.  How  this  occurs  may  l^c  best  understood 
from  an  example.  Sodium  acid  carbonate,  or  sodium  bicarbonate. 

Strong  acid  Buffer  Weak  acid 

HCl  NaHCO, 

/  \  /  \ 

H30*+cr+  Nq'+hco;  — >  h^co3+ Na  +  cr  +  h^o 

Fig.  5:26  Buffer  reaction  when  a  strong  acid  is  added  to  a  buffer  in  solution  in  water. 
The  protons  from  the  hydrochloric  acid  go  to  the  bicarlxDnate  ions  rather  than  to  the 
water  molecules  so  that  carbonic  acid  which  is  a  weak  acid  is  formed.  7  hus  the  acidity 
as  measured  by  the  hydronium  ion  concentration  is  not  gready  increased. 

NaHCOa,  acts  as  a  buffer  in  the  blood  and  in  protoplasm.  This  com¬ 
pound  is  the  acid  salt  of  a  weak  acid,  carbonic  acid,  H2C03“.  In  solution 
NaHCOs  becomes  practically  completely  broken  up  into  ions  Xa"^  and 
HCO3  The  bicarbonate  ion,  HC03~,  may  be  regarded  as  a  base.  If 
now  an  acid  stronger  than  carbonic  acid  such  as  hydrochloric  acid,  HCl, 
is  added  to  the  solution,  the  bicarbonate  ibns  HC03~  are  ready  to  re¬ 
ceive  its  proton,  H"*".  Thus  protons  from  the  hydrochloric  acid  go  to  the 
bicarbonate  ions  rather  than  to  the  water  molecules,  so  that  carbonic 
acid,  H2CO3,  is  formed  rather  than  hydronium  ions  (Fig.  5:26).  But 

^  A  relatively  small  proportion  of  the  bicarbonate  ions  HCOs”  then  dissociate,  giving 
hydroxyl  ions,  OH  ,  and  carbon  dioxide,  CO2,  a  gas  which  passes  off. 
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carbonic  acid  is  a  relatively  weak  acid.  Thus  the  acidity  of  the  solution, 
even  after  the  addition  of  the  strong  acid,  HCl,  is  not  much  increased. 

Suppose  that  instead  of  adding  an  acid  to  the  sodium  bicarbonate 
solution  we  add  potassium  hydroxide,  KOH,  which  breaks  up  into  po¬ 
tassium  ions,  K"^,  and  hydroxyl  ions,  OH“,  the  latter  of  which  acts  as  a 

Forms  base  Buffer 

KOH  NaHC03 

/  \  /  \ 

K"  +  OH'+ Na  +  HCO;  — >  HP  +  K*+Na  + CO;' 

Fig.  5:27  Buffer  reaction  when  a  strong  base  is  added  to  a  buffer  in  solution  in  water. 
The  bicarbonate  ion  gives  up  a  proton  to  the  hydroxyl  ion  and  water  is  formed.  Thus 
the  alkalinity  as  measured  by  the  hydroxyl  ion  concentration  is  not  greatly  increased. 


Strong  base.  In  the  presence  of  this  strong  base  the  bicarbonate  ion, 
HCOa",  now  acts  as  an  acid.  It  gives  up  its  proton,  H~,  to  the  hydroxyl 
ions,  HO~,  forming  water  molecules,  HoO.  The  strong  base  thus  disap¬ 
pears  and  the  solution  is  not  greatly  changed  so  far  as  its  acidity  is 
concerned  (Fig.  5:27). 

A  practical  example  may  serv’c  to  illustrate  further  the  action  of  buf¬ 
fers.  A  solution  made  by  dissolving  .01  gram  (g)  of  hydrochloric  acid  in 
1000  cubic  centimeters  (cu  cm)  of  pure  water  is  an  (wceedingly  dilute 
solution.  In  fact  it  is  about  a  .00001  per  cent  solution.  Nevertheless, 
when  1  cubic  centimeter  of  this  solution  is  added  to  1000  cubic  centimeters 
of  pure  water  the  acidity  of  the  .solution  measured  l)y  the  hydronium  ion 
concentration  is  100  times  that  of  pure  water.  Let  us  now  add  1  cubic 
ccntiinet(T  of  this  same  .00001  |)er  cent  solution  of  Iivdrochloric  acid 
to  a  .solution  made  by  heating  beef  in  water.  Sueli  a  solution  contains 
buffers  in  the  form  of  a  small  (juantity  of  sodium  bicarl)onate  and  other 
organic  substances  (mainly  proteins).  When  to  lODO  cubie  ('entiiiu'ters  ot 
such  a  s()lution,  1  cubic  centimeter  of  tlu*  same  liydrocliloric  acid  solu¬ 
tion  is  added,  the  ('hange  in  hydrog('n  ion  concentration  can  hardly  be 
detected  (Tal)le  5:8). 

TABLE  5:B.  EITECT  OF  ADDINC  ACID  FO  AN  UNIU  l  FF.KF.l) 

AND  TO  A  HUFFLRI.I)  .SOl.l  TION 

No  biiffrr 

Furr  water  lOOF  c»i  rm 

I  lydroi  lilori(  acid  soliiliou,  .f)l  ^  prr  1(H)0  cu  cm  1  cm 

I  lydro^ru  iou  coucrulratiou  is  iui  rr.isrd  lOO  times 

With  huirrrs  horn  Ijrrf 
FrrI  rxlTa(  I 

I  Ivdnn  liloric  a(  id  snlutinii,  .t)l  |>rr  lOOd  <mi  cm 
I  lydr«)^rru  iou  <  ou<  ruli.iliou  pr.ic  tic  ally  mu  h.m^rd 


1000  cu  cui 
1  cu  cm 
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9.  ENERGY  CHANGES  IN  CHEMICAL  REACTIONS 

In  all  chemical  reactions  energy  is  either  stored  or  liberated.  Thus 
when  carbon  combines  with  oxygen  to  form  carbon  dioxide  as  occurs 
when  coal  is  burned,  heat  is  given  off.  This  may  be  expressed  in  a  chemi¬ 
cal  equation: 

C  (solid)  +  O2  (gas)  =  CO2  (gas)  -f-  Energy 

Actually  8.1  kilocalories  are  given  off  per  gram  of  carbon.  It  is  necessary  , 
in  such  equations  to  specify  whether  the  substances  arc  solids,  liquids, 
or  gases,  since  to  change  from  one  of  these  states  to  another  also  requires 
energy.  To  separaLe  the  carbon  atoms  from  the  oxygen  atoms  there 
must  be  supplied  an  amount  of  energy  equal  to  that  which  was  given 
off  when  they  combined.  In  this  case  the  equation  is  simply  reversed: 

CO2  (gas)  -h  Energy  =  C  (solid)  -f  O2  (gas) 

The  amount  of  energy  which  must  be  supplied  is  8.1  kilo-calorics.  Such 
a  reaction  occurs  in  green  plants  when  the  energy'  is  supplied  in  the  form 
of  sunlight  and  becomes  stored  as  chemical  energy. ‘  'Eo  take  another 
example,  when  hydrogen  and  oxygen  combine  they  do  so  with  explosive 
force  forming  water: 

2  H2  (gas)  -1-  O2  (gas)  =  2  H2O  (liquid)  T  Energy 

The  amount  of  energy  in  this  case  is  34.5  calorics  per  gram  of  hydrogen 
or  more  than  four  times  as  much  per  gram  as  when  carbon  combines 
with  oxygen.  Carbon  and  hydrogen  are  utilized  in  animals  and  plants 
only  in  the  form  of  compounds.  The  oxidation  of  such  compounds  pro¬ 
vides  the  energy  for  their  vital  activities. 

10.  OXIDATION  AND  REDUCTION 

• 

The  term  oxidation  was  originally  applied  to  the  case  where  oxygen 
enters  into  combination  to  form  a  compound.  Thus  when  coal  is  burned  1! 
and  oxygen  combines  with  carbon,  the  process  is  called  oxidation  and  S 
the  carbon  is  said  to  become  oxidized. 

C  +  O2  — ^  CO2 

Oxidation 

When  the  reverse  occurs,  i.e.,  when  oxygen  is  taken  out  of  a  compound 
as  occurs  in  plants  when  photosynthesis  occurs,  the  process  is  called 
reduction.  In  photosynthesis  only  part  of  the  oxygen  is  taken  out  of  the 
carbon  dioxide  and  hydrogen  is  added.  The  product  of  the  reduction, 
C6H12O6,  is  a  simple  sugar  glucose.^ 

^  See  Chapter  16,  Sec.  5,  for  a  more  detailed  discussion. 
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6  CO2  +  6  H2O - ^  C6H12O6  +  6  O2 

Reduction 


It  will  be  remembered  that,  in  the  case  of  CO2,  the  oxygen  atoms  share 
electrons  with  the  carbon  atom.  There  seems  reason  to  believe  that 
when  oxygen  shares  electrons  with  other  elements  the  shared  electrons 


Carbon  atom  Oxygen  atom  Carbon  dioxide  molecule 

Oxidation  ^  _  Q  _  ^ 


Fig.  5:28  Formation  of  a  molecule  of  carbon  dioxide  from  a  carbon  atom  and  two 
oxygen  atoms  to  show  oxidation.  The  electrons  of  the  carbon  atom  are  moved  away  from 
the  nucleus  of  the  atom.  In  this  condition  the  carbon  atom  has  the  least  potential  chemical 
energy,  i.e.,  it  has  given  up  all  the  energy  it  can. 


are  pulled  toward  the  oxygen  atom  (Fig.  5:28).  When  the  carbon  be¬ 
comes  reduced  the  electrons  of  the  outer  shell  of  the  carbon  atom  return 
to  their  normal  place  around  the  carbon  atom.  Because  of  this,  oxidation 
and  reduction  have  come  to  be  regarded  as  essentially  a  movement  of 
electrons,  electrons  being  moved  away  from  an  atom  when  it  becomes 
oxidized  and  toward  it  when  it  is  reduced.  This  way  of  regarding  the 


Carbon  atom 


■> 


Reduction 


H 


/ 


Molecule  of  methane 


Fig.  5:29  Reduction  of  carlwin  l)y  hydrogen  to  form  inetlianc.  I  he  electrons  of  the 
carbon  atom  are  moved  tow.ird  tlie  niu  leiis.  In  this  |)osilion  tlie  cat  bon  .itom  lias  tlu 
greatest  potential  chemical  energy,  i.e.,  has  the  gre.itest  store  of  chemical  energy. 


process  innkcs  it  po.ssiltlc  to  (‘xtend  I  lit'  idt'a  to  cases  where  oxygen  is  not 
(lireclly  invoivt'd.  When  hydrogt'u  ('oinl)ines  with  carbon  to  lot  in  the 
gas  incihane,  ( 11  U,  by  sharing  electrons,  the  electrons  of  the  hydrogen 
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atoms  move  toward  the  carbon  atoms  (Fig.  5:29).  Since  the  electrons 
move  from  the  hydrogen  atoms  toward  the  carbon  atoms  the  hydrogen 
is  said  to  be  oxidized  and  the  carbon  to  be  reduced.  In  fact,  whenever 
carbon  or  any  substance  combines  directly  with  hydrogen  it  is  said  to  be 
reduced,  and  vice  versa  when  any  substance  directly  gives  up  hydrogen 
the  substance  is  said  to  be  oxidized. 

It  will  have  been  noticed  that  the  oxidation  of  one  substance  usually 
involves  the  simultaneous  reduction  of  another  substance  and,  vice 
versa,  the  reduction  of  one  substance  inv'olves  the  oxidation  of  another 
substance  at  the  same  time.  As  will  appear  in  detail  later  in  discussing 
organic  compounds,  oxidation  may  occur  in  a  scries  of  steps.  In  a  gen¬ 
eral  way  it  may  be  said  that  an  atom  of  a  substance  in  the  completely 
reduced  condition  contains  a  maximum  amount  of  stored  energy  and 
that  this  energy  is  released  as  oxidation  occurs,  the  energy  stored  becom¬ 
ing  a  minimum  when  oxidation  is  complete. 

Oxidation  and  reduction  arc  especially  important  in  the  chemistry  of 
the  cell  because  most  of  the  energy  changes  which  lead  to  vital  activities 
involve  oxidations  and  reductions.  'This  will  be  better  understood  after 
the  discussion  of  organic  compounds  in  the  next  chapter.  ; 

11.  CATALYSTS 

A  catalyst  may  be  defined  as  a  substance  which  increases  the  velocity 
of  a  chemical  reaction  without  being  used  up  in  the  process.  An  example 
is  the  action  of  platinum  upon  the  combination  of  hydrogen  and  oxygen 
to  form  water.  Ordinarily  these  two  gases  do  not  combine  except  so 
slowly  that  it  is  a  matter  of  years  before  an  appreciable  amount  of  water 
is  formed,  unless  an  electric  spark  is  passed  through  the  mixture.  How¬ 
ever,  if  the  gases  are  brought  in  contact  with  platinum,  especially  plati¬ 
num  in  a  very  finely  divided  condition,  the  oxygen  and  hydrogen  unite 
rapidly  and  may  even  explode.  The  explanation  offered  is  that  the  oxy-  f 
gen  and  hydrogen  atoms  are  held  upon  the  surface  of  the  platinum  in 
such  a  way  as  to  cause  them  to  unite.  The  platinum  is  unchanged  at  the 
end  of  the  reaction  and  can  be  used  again.  Different  catalysts  act  in  dif¬ 
ferent  ways  and  produce  different  effects.  Hydrochloric  acid  may  act  as  a 
catalyst  by  producing  hydronium  ions  which  act  to  hasten  the  reaction  * 
but  do  not  appear  in  the  final  products.  In  a  subsequent  chapter  there 
will  be  occasion  to  discuss  the  organic  catalysts  or  enzymes  which  differ 
in  a  number  of  important  ways  from  the  inorganic  catalysts  referred  to 
above. 
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CHAPTER  6 


Organic  Compounds,  Colloidal  Systems, 
and  Membranes 


1.  ORGANIC  COMPOUNDS 

A.  SOME  GENERAL  CONSIDERATIONS 

Apart  from  water,  which  acts  chiefly  as  a  solvent,  the  great  bulk  of 
the  matter  in  living  organisms  consists  of  compounds  of  carbon  with 
hydrogen,  oxygen,  nitrogen,  and  a  few  other  elements.  Such  compounds 
are  called  organic  compounds.  Most  vital  activities  arc  intimately  de¬ 
pendent  on  the  chemical  activities  of  these  compounds.  Some  knowledge 
of  the  nature  of  organic  compounds  and  of  their  behavior  is  therefore 
essential  to  an  understanding  of  the  processes  which  go  on  in  the  bodies  of 
plants  and  animals. 

(1)  SHARING  ELECTRONS— GRAPHIC  FORMULAS 

The  carbon  atom,  it  well  is  remembered,  has  four  of  the  eight  elec¬ 
trons  required  for  a  complete  valence  shell  of  eight  electrons  such  as 
occurs  in  the  inert  gas  neon.  The  carbon  atom  does  not  gain  or  lose 
electrons  and  so  far  as  at  present  known  carbon  never  exists  alone  as 
a  free  positive  or  negative  ion.  In  combining  with  other  elements  carbon 
always  shares  electrons. 

In  considering  inorganic  compounds  not  much  attention  was  paid  to 
the  arrangement  of  the  atoms  in  the  molecules.  This  was  because  it  is 
believed  that  in  inorganic  compounds  usually  only  one  arrangement  of 
the  atoms  is  possible.  Hence  in  giving  the  composition  of  inorganic  com¬ 
pounds  only  the  numbers  of  each  kind  of  atom  in  the  molecule  are  given 
and  the  expression  is  called  a  molecular  formula.  Thus  water  is  given 
as  H2O,  sulphuric  acid  as  H2SO4,  and  sodium  phosphate  as  NaHP04. 
In  organic  compounds,  however,  not  only  are  different  arrangements 
possible  but  the  different  arrangements  of  the  atoms  represent  different 
^50 
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substances  with  different  properties.  Therefore  it  is  usually  not  sufficient 
to  indicate  merely  the  numbers  of  the  atoms  in  the  molecule.  The  posi¬ 
tions  of  the  atoms  in  the  molecules  must  be  indicated  and  an  organic 
substance  cannot  be  completely  defined  until  the  arrangement  of  the 
atoms  in  its  molecule  is  known. 


H 

H 

1 

CH, 

H  ••  C  :  H 
•  • 

H-C-l 

1 

H 

1 

H 

Molecular  formula 

Electron  formula 

METHANE 

Bond  formula 

Fig.  6:1  Different  types  of  formulas  used  in  representing  compounds  in  which  only 
single  bonds  occur,  illustrated  by  formulas  for  methane,  marsh  gas.  The  lines  representing 
bonds  each  correspond  to  two  electrons.  The  dots  represent  shared  electrons. 


The  common  method  of  showing  the  arrangement  of  the  atoms  in  a 
molecule  is  to  use  a  graphic  formula.  In  organic  compounds  the  atoms 
are  held  together  in  almost  all  cases  by  covalent 
bonds,  which  are  formed  by  sharing  electrons.  Two 
types  of  graphic  formulas  arc  used,  depending  on 
the  method  employed  to  represent  the  bonds.  In 
one  type,  which  may  be  called  the  electron  for¬ 
mula,  the  shared  electrons  arc  represented  by  dots, 
in  the  other  type,  called  the  bond  formula,  a  pair 
of  shared  electrons  is  represented  by  one  short  line 
termed  a  bond  (I'  ig.  6:1). 

Each  of  the.se  tyjX's  of  formulas  as  written  on  paper 
gives  the  impression  that  all  of  the  atoms  arc  in  the 
same  plane  and  that  th(‘  plane'  is  that  of  the  paper. 

Elowcver,  wlu'n  there  are  more  than  three  atoms  in 
the  compound  this  is  j)rol)ably  seldom,  if  ever,  the 
case.  In  me'thane  (he  lour  hydrogen  atoms  are  be¬ 
lieved  to  !)('  at  the  four  corners  of  a  tetrahedron  (a 
figure  with  four  eejuilateral  triangular  sides)  with  the  carbon  atom  at 
the  center  (I’ig.  6:2). 

(2)  THE  LARGE  MOLECULES  OF  ORGANIC  COMPOUNDS 

At  the  present  time  about  300, OUO  dillVrent  eomixmnds  containing 
carbon  are  known.  The*  existenei'  ol  this  vast  number  ol  comj^ounds, 
many  of  them  highly  ('omplex,  is  due  to  the  unique  ability  of  the  caibon 
atom  to  si iar('  ele(’( rons  with  ot h('r  earl)on  atoms.  \\  hen  joining  togc  the  i , 


H 


Fig.  6:2  Diagram 
of  a  methane  mole¬ 
cule.  The  hydrogen 
atoms  arc  at  the  four 
corners  of  a  tetrahe¬ 
dron,  a  figure  the 
sides  of  which  arc 
four  equilateral  tri¬ 
angles,  and  the  car¬ 
bon  atom  is  in  the 
center. 
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the  individual  carbon  atoms  may  bring  with  tliem  the  atoms  of  other 
elements.  Thus  long  chains  of  groups  of  atoms  in  which  each  carbon 
atom  acts  as  a  kind  of  center  are  formed. 

This  capacity  of  carbon  atoms  to  form  chains  is  well  shown  in  the 
series  of  compounds  called  hydrocarbons,  so  called  because  they  are 
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I  I 
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CH3CH3 

C2H, 


H  H  H  H 

I  I  I  I 
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H-C-C-C-H 

III  I  I  I  I 

H  H  H  H  H  H  H 
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CH3(CH2)|CH3  CH3(CH2)2CH3 

C3H8  C.H.o 

Fig.  6:3  Three  members  of  the  Iiydrocarbon  series  with  single  bonds,  ethane,  propane, 
and  butane. 


formed  of  carbon  and  hydrogen.  Methane,  CH4,  may  be  regarded  as 
the  first  in  a  series  of  these  compounds,  others  in  the  series  being  ethane, 
C2H6,  propane,  CsHs,  butane,  C4H10  (Fig.  6:3).  In  the  case  of  these  com¬ 
pounds  another  type  of  formula  may  be  used  called  the  structural 
formula  since  it  gives,  like  the  graphic  formula,  the  structure  of  the 

molecule.  In  this  case  the  atoms  con¬ 
nected  with  each  carbon  atom  are 
grouped  together.  Thus  butane  may  be 
written  Cfl3(CH2)2CH3,  indicating  that 
at  either  end  of  the  carbon  chain  is  a  car¬ 
bon  atom  to  which  three  hydrogen  atoms 
are  attached  while  the  intermediate  por¬ 
tion  of  the  chain  is  formed  by  two  carbon 
atoms  to  each  of  which  two  hydrogen 
atoms  are  attached.  The  carbon  atoms 
which  seem  to  form  the  axis  of  the  mole¬ 
cules  are  called  carbon  chains.  The  car¬ 
bon  chains  are  not  straight  as  might  be 
concluded  from  the  graphic  formulas  but 
are  really  zigzag  in  three  dimensions.  A 
carbon  compound  has  been  prepared  in 
this  series  in  which  the  carbon  chain  consists  of  seventy  carbon  atoms. 
The  earbon  chain  may  be  branched.  This  is  the  case  in  the  compound 
isobutane  (Fig.  6:4). 

Isobutane  also  illustrates  another  important  feature  of  organic  com¬ 
pounds.  Isobutane,  G4H10,  has  the  same  molecular  formula  as  butane, 


H  H  C-H 

I  I  / 

H-C-  C 
I  \ 

H  C-H 

I  \ 

H  H 

Isobutane 

CH3CH(CH3)2  or  C4H,o 
Fig.  6:4  Isobutane,  a  branched 
hydrocarbon  with  single  bonds, 
which  is  also  an  isomere  of  butane. 
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but  due  to  a  different  arrangement  of  the  atoms  in  its  molecule  it  is  a 
different  chemical  substance  with  different  properties.  Two  substances 
which  have  the  same  molecular  formulas  but  in  which  the  arrangement 
of  the  atoms  is  different  are  called  isomers.  Thus  butane  and  isobutane 
are  isomers. 

The  carbon  compounds  so  far  considered  are  called  open  chain 
compounds  because,  although  the  carbon  chain  may  branch,  the  ends 
are  not  connected.  In  contrast  to  the  open  chain  is  the  ring  formation  in 
which  the  carbon  atoms  are  joined  to  form  rings  which  in  turn  may  be 
joined  to  form  chains  including  rings.  The  single  ring  may  contain  from 
three  to  six  carbon  atoms  but  the  commonest  number  is  six.  Examples  of 
ring  carbon  compounds  will  be  considered  later. 

Organic  molecules  vary  in  shape.  Some  are  long  and  stringy,  others 
are  more  compact,  while  many  consist  of  more  or  less  compact  masses 
with  long  irregular  masses  extending  out  from  them.  Some  idea  of  the 
size  of  an  organic  molecule  can  be  obtained  from  the  number  of  atoms 
which  it  contains.  The  molecule  of  hemoglobin,  the  red  pigment  in  the 
blood,  is  believed  to  contain  approximately  9000  atoms.  The  irregular 
shape  of  most  organic  molecules  makes  it  difficult  to  assign  them  definite 
dimensions. 

(3)  DOUBLE  AND  TRIPLE  BONDS 

The  carbon  atom  has  been  regarded  as  an  atom  with  four  outer 
electrons,  thus  needing  four  electrons  to  complete  its  outer  shell  and 
having  four  electrons  to  share.  Graphically  it  has  been  pictured  as  ex¬ 
tending  four  bonds  out  ready  to  attach  itself  to  four  other  atoms.  Actu¬ 
ally  there  are  atoms  which  require  more  than  one  bond.  This  is  the  case 

CO,  Qy-c-'-o  o=c=o 

Molecular  formula  Electron  formula  Bond  formula 

Fig.  6:5  DifTcrent  types  of  foriimlas  usi'd  in  representing  compounds  in  which  double 
bonds  occur,  illustrated  by  formulas  for  carbon  dioxide.  ITie  dots  represent  shared  elec¬ 
trons.  A  double  bond  is  repre.S(‘nt<*d  by  two  lines  and  by  four  shared  electrons. 

with  the  oxygen  atom  as  is  shown  in  carbon  dioxide  (Fig.  6:5).  Here 
the  oxygen  atoms  ('ach  shan'  two  elet'trons  with  the  carbon  atom, 
pcrha|;s  better  exj)r(‘ssed  by  saying  that  in  j)lace  ol  one  pair  ol  electrons 
being  shared  two  pairs  an'  shart'd.  I  his  is  represented  in  the  graphic 
formula  by  a  double  bond,  d Tins  a  double  bond  indieates  the  sharing 
of  two  electrons  by  each  ol  the  atoms  coniK'cted  by  the  bond.  The  struc¬ 
ture  of  a  numix'r  ol' organic  compounds  is  best  explained  by  assuming 
that  (  arbon  atoms  may  b(‘  ('onnect(‘d  to  each  oth('r  by  double  bonds.  A 
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double  bond  is  indicated  graphically  by  two  short  parallel  lines.  Simple 
cases  of  organic  compounds  containing  a  double  bond  connecting  two 
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propene. 
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Two  members  of  the  hydrocarbon  series  with  double  bonds,  ethene  and 


carbon  atoms  are  ethene,  C2H4,  and  propene,  CsHe  (Fig.  6:6).  More 
rarely  triple  bonds  occur  as  in  ethyne,  C2H2,  and  propyne,  C3H4 
(Fig.  6:7). 

It  has  been  found  that  the  union  of  two  carbon  atoms  by  a  single  bond 
is  a  rather  stable  combination,  i.e.,  that  it  is  one  which  does  not  readily 
separate  in  chemical  reactions,  while  the  double  bond  is  much  less 

H 

I 

H-C  =  C-H  H-C-C=C-H 

I 

H 

Ethyne  Propyne 

(CH)2  or  C2H2  CH3CCH  or  C3H4 

Fig.  6:7  Two  members  of  the  hydrocarbon  series  with  triple  bonds,  ethyne  and 
propyne. 

Stable.  Thus  organic  molecules  which  contain  double  bonds  in  the  carbon 
chain  tend  to  separate  into  simpler  compounds  or  combine  with  other 
atoms  or  molecules  where  the  double  bonds  occur. 

(4)  THE  ELEMENTS  IN  ORGANIC  COMPOUNDS 

The  bulk  of  the  molecule  in  most  organic  compounds  is  made  up  of 
carbon  and  hydrogen,  usually  with  a  certain  proportion  of  oxygen. 
All  proteins  contain  nitrogen  also,  but  although  nitrogen  is  an  impor¬ 
tant  constituent  of  these  compounds  the  number  of  atoms  of  this  ele¬ 
ment  in  a  protein  molecule  is  much  less  than  the  numbers  of  atoms  of 
carbon  or  hydrogen.  To  these  four  elements  must  be  added  phosphorus 
and  sulphur  which  occur  in  a  number  of  protein  compounds,  and  chlo¬ 
rine,  bromine,  and  iodine  which  occur  less  frequently.  As  already  stated. 
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these  elements  are  joined  to  the  carbon  atom  by  covalent  bonds.  These 
are  listed  with  other  information  in  Table  6:1. 

TABLE  6:1.  THE  COVALENT  BONDS  OF  THE  ELEMENTS  WHICH  OCCUR 
IN  THE  MORE  COMMON  ORGANIC  COMPOUNDS  OF  LIVING  ORGANISMS 


ATOMS 

Carbon 

1 

— C— 

1 

NUMBER  OF 

COVALENT  BONDS 

4 

ELECTRON 

FORMULA 

•G* 

Hydrogen 

H— 

1 

H  • 

Oxygen 

— O— 

2 

•O- 

Nitrogen 

1 

— N— 

3 

•N- 

Sulphur 

— S— 

2 

•S* 

Phosphorus 

1 

— P— 

3 

•  P  • 

Note  correspondence  between  nomber  of  single  electrons  and  bonds. 

(5)  FUNCTIONAL  GROUPS 

Hydrogen  atoms  attached  directly  to  any  of  the  carbon  atoms  in  an 
organic  compound  can  be  replaced  by  other  atoms  or  groups  of  atoms. 
The  process  is  called  substitution,  the  atoms  or  groups  of  atoms  sub¬ 
stituted  arc  called  constituents,  and  the  substances  formed  by  the  sub¬ 
stitution  arc  called  derivatives.  It  has  been  found  that  in  many  cases  the 
chemical  reactions  of  organic  compounds  depend  more  upon  the  substi¬ 
tuted  groups  than  on  the  hydrocarbon  part  of  the  molecule.  For  this 
reason  such  groups  arc  called  functional  groups.  Some  of  the  functional 

TABLE  6:2.  THE  FUNCTIONAL  GROUPS  WHICH  OCCUR  IN  THE  MORE 
COMMON  ORGANIC  COMPOUNDS  OF  LIVING  ORG.\NISMS 


FORMUI-A  OF  GROUP 

NAME  OF  GROUP 

SUBSTANCES  FORMED 

—OH 

Hydroxyl 

Alcohols 

OH 

1 

— c— o 

Carboxyl 

Organic  Acids 

H 

1 

N  H 

Amino 

Amino  Acids 
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groups  which  occur  frequently  in  organic  compounds  of  biological  in¬ 
terest  are  listed  in  Table  6:2.  Any  one  of  these  groups  may  be  substituted 
for  a  hydrogen  atom  attached  to  a  carbon  atom.  In  many  cases,  how¬ 
ever,  only  one  functional  group  is  attached  to  one  carbon  atom. 
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Ethyl  alcohol  Acetic  acid  Glycine 

CH3CH2OH  or  CaHeO  CH3COOH  or  C2H4O2  NH2CH2COOH  or  C2H5NO2 

Fig.  6:8  Compounds  with  different  functional  groups:  ethyl  alcohol,  showing  the  hv- 

O 

I 

droxyl  group,  — OH;  acetic  acid,  showing  the  carboxyl  group,  C — OH;  and  glycine  or 

H 

I 

amino  acetic  acid,  showing  the  amino  group  H — N,  and  also  the  carboxyl  group. 


The  following  substances  illustrate  the  occurrence  of  functional  groups 
in  organic  compounds:  ethyl  alcohol  (hydroxyl  group),  acetic  acid 
(carboxyl  group),  glycine  (amino  group  and  carboxyl  group)  (Fig.  6:8). 


(6)  SOME  GENERAL  FEATURES  OF  ORGANIC  COMPOUNDS 

Some  of  the  peculiar  features  which  seem  to  stand  out  in  the  chemistry 
of  carbon  compounds  may  now  be  briefly  summarized. 

1.  The  carbon  atom  is  known  to  unite  with  other  carbon  atoms  and 
with  the  atoms  of  other  elements  only  by  sharing  electrons.  The  sub¬ 
stances  formed  in  this  way  are  frequently  labile  compounds,  i.e.,  com¬ 
pounds  which  are  easily  changed  chemically  into  other  compounds. 
Many  of  the  carbon  compounds  which  occur  in  organisms  are  extremely 
labile. 

2.  Carbon  atoms  possess  in  a  much  higher  degree  than  the  atoms  of 
any  of  the  other  elements  the  capacity  to  unite  with  each  other  while  at 
the  same  time  uniting  with  the  atoms  of  other  elements.  This  leads  to 
the  formation  of  a  vast  number  of  compounds  with  very  large  and  com¬ 
plicated  molecules.  Further,  these  molecules  when  in  water  tend  to 
become  clumped  together  to  form  particles  of  submicroscopic  size,  a  phe¬ 
nomenon  which  is  referred  to  in  the  next  chapter  in  the  discussion  of 
colloidal  systems. 

3.  The  elements  which  take  part  in  the  formation  of  carbon  com¬ 
pounds  are  relatively  few  and,  including  carbon  itself,  are  in  general 
elements  of  relatively  low  atomic  number.  The  complexity  of  organic 
molecules  and  their  great  variety  arises  from  many  diflferent  arrange- 
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merits  and  combinations  of  the  atoms  of  these  few  elements.  The  com¬ 
plexity  is  not  due  to  any  great  complexity  in  the  atoms  as  such  nor  is  it 
due  to  there  being  many  different  kinds  of  atoms  involved. 

B.  THE  ORGANIC  COMPOUNDS  IN  PROTOPLASM 

The  list  of  known  carbon  compounds  contains  many  substances  which 
have  been  made  in  the  laboratory  but  have  not  been  found  in  organ¬ 
isms  and  quite  probably  do  not  occur  in  them.  We  will  confine  our  atten¬ 
tion  to  those  substances  which  have  been  found  in  organisms  and  are 
known  to  play  an  important  role  in  their  metabolism.  These  substances 
include  carbohydrates,  fats  and  fatty  substances,  amino  acids,  proteins, 
vitamins,  and  hormones.  This  list  does  not  include  all  the  organic  sub¬ 
stances  which  occur  in  protoplasm  as  there  arc  some  substances  which  do 
not  fit  into  any  of  these  categories. 

(1)  CARBOHYDRATES 

The  term  carbohydrates  (L.  cardo,  charcoal  +  Gr.  hudor^  water)  is 
used  for  a  group  of  substances  containing  carbon,  hydrogen,  and  oxygen, 
the  hydrogen  and  oxygen  being  in  the  proportion  to  form  water. ^  The 
carbohydrates  of  interest  to  the  biologist  may  be  classified  into  three 
groups,  viz.,  monosaccharides  (Gr.  monos ^  one  +  sakchar^  sugar),  disac¬ 
charides  (Gr.  di^  two),  and  polysaccharides  (Gr.  polus,  many). 

(a)  MONOSACCHARIDES 

The  most  important  of  the  monosaccharides  are  the  hexoses,  so  named 
because  they  contain  six  atoms  of  carbon.  The  most  important  hexosc 
from  a  biological  point  of  view  is  glucose,  called  also  dextrose  and  cane 
sugar  (Fig.  6:9).  The  form  shown  is  a  ring  compound  with  one  short 
side  chain.  The  ring  is  formed  of  live  carbon  atoms  and  one  oxygen  atom. 
Attached  to  each  of  four  of  the  carbon  atoms  is  a  hydrogen  atom  and 
a  hydroxyl  group.  The  short  side  chain  consists  of  a  carbon  atom  with 
two  hydrogen  atoms  and  a  hydroxyl  group.  The  atoms  and  groups  at¬ 
tached  to  the  carbon  atoms  forming  the  ring  arc  to  be  regarded  as  ex¬ 
tending  above  and  Ixdow  the  plane  ol  the  ring  and  not  into  the  ring. 


^  This  definition  is  not  r|Mite  acctiratc  as  some  sugrtrs  arc  known  in  wliich  the  proportion 
of  iiydrogen  nnd  oxyg<*n  is  not  that  in  water,  and  some  other  sulistances  which  are  not  regarded 
as  carhohydrates  contain  hydrogen  and  oxygen  in  the  proportion  to  form  water,  e.g.,  formal¬ 
dehyde,  ClljC),  and  acetic  a(  id,  CdhO?.  However,  the  definition  above  is  approximately 
correct  and  will  suffice  for  onr  j)resent  |)ur|)os<'s.  A  better  definition  can  be  giv('n  in  terms  of  the 
molectdar  stnu  lure. 
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Actually  the  atoms  forming  the  ring  are  not  all  in  one  plane  but  form  a 
zigzag  somewhat  similar  to  the  zigzag  in  the  case  of  an  open  chain  of 
carbons.  The  molecule  is  to  be  regarded  as  containing  two  different 
kinds  of  functional  groups,  — OH  and  — O — . 

There  are  several  different  forms  of  glucose  depending  on  the  relative 
positions  of  the  H  and  OH  groups.  Also  the  ring  of  the  glucose  molecule 
may  break  and  the  ends  separate  to  form  an  open  carbon  chain.  The  ring 
breaks  between  the  oxygen  atom  in  the  ring  and  the  carbon  atom  to  the 

H 

1 

H-C-OH 

C 

HO  \  OH 

C  — 

H 

Ring  form  Open  chain  form 

Glucose,  QHiaOe 

Fig.  6:9  Glucose,  a  simple  or  he:'.:ose  sugar.  Both  the  ring  form  and  the  open  chain 
form  are  shown.  The  ring  breaks  between  the  oxygen  atom  in  the  ring  and  the  carbon 
atom  marked  with  an  asterisk. 

left  of  it  in  the  graphic  formula  and  this  oxygen  atom  stays  with  the 
carbon  atom  marked  with  an  asterisk,  C*  (Fig.  6:9).  At  the  same  time 
the  OH  group  of  the  latter  carbon  atom,  C*,  goes  to  the  carbon  atom 
which  lost  the  oxygen  atom  when  the  break  occurred.  The  oxygen  atom 
attached  to  the  carbon  atom,  C*,  seems  to  be  mainly  responsible  for  the 
peculiar  properties  of  sugars  and  may  be  considered  the  primary  func¬ 
tional  group.  Glucose  is  generally  believed  to  be  the  sugar  formed  in  the 
chloroplasts  of  plants  in  photosynthesis  and  it  is  the  common  form  in 
which  sugar  occurs  in  the  blood. 

Other  hexose  sugars  with  the  same  molecular  formula  as  glucose, 
C6H12O6,  but  differing  from  it  in  the  arrangement  of  the  H  and  OH 
groups  are  mannose  and  galactose.  They  are  of  interest  chiefly  as  com- 
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ponents  of  disaccharides  and  polysaccharides.  Fructose,  C6H12O6,  is 
another  hexose  sugar  which  enters  into  the  composition  of  more  com¬ 
plex  sugars.  In  this  case  the  ring  contains  four  carbon  atoms  and  one 
oxygen  atom. 

(b)  DISACCHARIDES 

One  of  the  simplest  of  the  disaccharides  is  maltose.  Maltose  is  so  named 
because  it  occurs  in  malt  which  is  a  mush  made  from  the  sprouted  seeds 
of  cereals.  Malt  is  used  in  the  manufacture  of  fermented  liquors,  the 
maltose  being  changed  to  alcohol,  a  process  which  will  be  referred  to  in  a 
later  chapter.  Maltose  is  important  in  both  animals  and  plants  as  one  of 
the  substances  formed  in  the  digestion  of  starch.  The  molecule  of  mal¬ 
tose  may  be  regarded  as  formed  by  the  combination  of  two  molecules 

+  qH„q  ^  c„h^o„  +  Hp 

Glucose  Glucose  Maltose  Wafer 

Fig.  6;  10  The  formation  of  a  molecule  of  a  disaccharide  from  two  molecules  of  a  mono¬ 
saccharide,  illustrated  by  the  formation  of  a  molecule  of  maltose  from  Uvo  molecules  of 
glucose.  This  reaction  is  an  examiple  of  condensation, 

of  glucose  with  the  liberation  of  one  molecule  of  water  (Fig.  6:10).  This 
type  of  process,  which  occurs  frequently  in  organic  reactions,  is  called 
condensation.  When  acted  on  by  the  enzyme  maltase  the  maltose  mole¬ 
cule  breaks  up  into  two  molecules  of  glucose  taking  up  one  molecule  of 
water.  This  process,  which  also  occurs  frequently  in  organic  reactions,  is 
called  hydrolysis  (Gr.  hudor^  water  -f-  lusis,  a  loosing). 

The  common  sugar  of  the  dinner  table  is  sucrose,  called  also  sac¬ 
charose  (not  to  be  confused  with  saccharine).  Hydrolysis  of  sucrose  gives 
one  molecule  of  gluco.se  and  one  molecule  of  fructose.  Its  molecular 
formula  is  the  same  as  that  of  maltose,  C12H22O11. 

The  principal  sugar  in  the  milk  of  mammals  is  lactose.  It  may  be  re¬ 
garded  as  formed  by  the  coml)ination  of  one  molecule  of  glucose  and  one 
molecule  of  galactose.  When  the  enzyme  rennet  is  added  to  milk  to  make 
“curds  and  whey”  the  fats  and  proteins  are  precipitated  as  the  curds. 
The  liquid  portion  remaining,  which  constitutes  the  whey,  is  mainly  a 
solution  of  lactose. 

It  should  be  noted  that  when  a  sugar  molecule  is  compared  with  a 
fat  molecule,  the  sugar  molecule  contains  a  greater  proj)ortion  ot  oxygen 
atoms.  Thus  glucose,  Cell  126)0,  contains  the  same  number  of  oxygen 
atoms  as  carbon  atoms  and  maltose,  C12H12O11,  contains  nearly  as 
many.  The  sugar  molecule  is  thus  already  partly  oxidized  and  hence 
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when  it  is  oxidized  to  completion  it  yields  less  energy  per  carbon  atom 
than  the  fat  molecule.  Actually  one  gram  of  sugar  when  oxidized  to 
carbon  dioxide  and  water  yields  approximately  4.1  kilocalories. 

(c)  POLYSACCHARIDES 

The  molecule  of  a  polysaccharide,  like  that  of  a  disaccharide,  may  be 
regarded  as  formed  by  the  combination  or  condensation  of  hexose 
molecules  with  the  loss  of  water.  The  general  formula  for  a  polysac¬ 
charide  is  (C6Hio05)n,  where  is  usually  a  large  even  number. 

The  principal  polysaccharides  of  biological  interest  are  starch,  gly¬ 
cogen,  and  cellulose.  Starch  is  the  common  form  in  which  carbohydrates 
are  stored  in  the  cells  of  plants.  Being  only  slightly  soluble,  it  is  precipi¬ 
tated  as  small  characteristic  granules.  The  starches  formed  in  dilTerent 
species  of  plants  are  different  and  are  named  after  the  species  of  plant. 
When  the  starch  is  required  for  food  by  the  plant  it  is  acted  on  by  the 
enzyme  diastase,  and  changed  first  to  a  dextrin,  which  is  very  similar  to 
a  starch,  and  then  to  maltose.  Another  enzyme,  maltase,  changes  the 
maltose  to  glucose.  Each  of  the  steps  is  an  hydrolysis.  The  process  is 
called  digestion. 

The  structure  of  a  molecule  of  starch  is  not  exactly  known  but  it  is 
believed  to  be  composed  of  an  even  number  of  glucose  molecules  joined 
end  to  end.  The  molecular  weights  of  starches  arc  in  the  vicinity  of 
5000,  which  indicates  that  the  molecule  contains  approximately  22  to 
28  glucose  units. 

Glycogen,  also  known  as  animal  starch,  is  similar  to  starch  and  like 
it  hydrolyzes  to  glucose.  Its  molecule  is  somewhat  smaller  as  indicated 
by  a  molecular  weight  of  approximately  2000. 

Cellulose  is  the  main  constituent  of  the  walls  of  plant  cells.  Cotton  is 
practically  pure  cellulose.  Cellulose  is  insoluble  in  water  and  all  organic 
solvents.  It  is  closely  related  to  the  starches.  When  hydrolyzed  it  yields 
glucose,  but  the  hydrolysis  is  much  more  difficult  than  in  the  case  of 
starches.  The  molecule  of  cellulose  is  believed  to  be  a  long  threadlike 
structure  composed  of  many  glucose  units.  The  molecular  weight  of 
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Fig.  6:11  A  molecule  of  stearic  acid.  Actually  the  carbon  atoms  are  not  in  a  straight 
line  but  form  a  zigzag  in  three  dimensions. 
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20,000  to  40,000  indicates  that  there  may  be  from  100  to  200  of  these 
units.  The  units  are  believed  to  be  ar¬ 
ranged  alternately,  one  side  of  the 
glucose  ring  being  down  in  one  unit 
and  up  in  the  adjacent  units. 

(2)  FATS 

When  digested  in  the  body  of  an 
organism  fats  are  broken  down  into 
organic  acids  called  fatty  acids  and 
glycerin  or  glycerol  and  it  seems 
likely  that  when  they  are  synthesized 
in  a  cell  it  is  by  the  combination  of 
organic  acids  with  glycerol.  As  already  stated,  organic  acids  are  char- 

O 

1 

acterized  by  the  carboxyl  group  — C — OH.  A  common  organic  acid  is 
stearic  acid,  CH3(CH2)i6COOH  (Fig.  6:11).  Glycerol  is  an  alcohol 
with  the  formula  CH2OHCHOHCH2OH  (Fig.  6:12).  The  fat,  tri¬ 
stearin,  C57H110O6,  is  formed  when  three  molecules  of  stearic  acid  com- 
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Glycerol 

CH2OH  •  CHOH  •  CH2OH  or  C3H6O3 
Fig.  6:12  A  molecule  of  glycerol, 
which  has  three  OH  groups.  The  dots 
in  the  molecular  formula  are  used  to 
separate  the  groups  attached  to  differ¬ 
ent  carbon  atoms. 
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Fig.  6:13  T  lie  foniKition  of  a  fal  stearin  (tristearin)  Iroin  one  molecule  of  glyeerol 

II 


and  three  molecules  of  stearic  acid.  The  1 1 — C  group  has  been  abbreviated  to  C.H.i  and 
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bine  with  one  molecule  of  glycerol  with  the  loss  of  three  molecules  of 
water.  In  the  combination  the  carboxyl  groups  of  the  acid  molecules  j 
unite  with  the  hydroxyl  groups  of  the  glycerol  (Fig.  6:13).  [ 

Two  other  important  fats  are  tripalmitin  and  triolein.  The  molecule  | 
of  tripalmitin  is  formed  from  one  molecule  of  glycerol,  CH2OHCHOH- 
CH2OH,  and  three  molecules  of  palmitic  acid,  CH3(CH2)i4COOH, 
with  the  loss  of  three  molecules  of  water  in  the  same  way  that  tristearin 
is  formed.  This  gives  it  a  molecular  formula  of  CsiHgsOe.  The  molecule 
of  triolein  is  formed  from  one  molecule  of  glycerol  and  three  molecules 
of  oleic  acid,  CH3(CH2)7(CH)2(CH2)7COOH,  with  the  loss  of  three 
molecules  of  water  giving  it  the  molecular  formula  C57H104O6.  These 
reactions  are  examples  of  condensation.  These  are  the  commonest  fats 
in  the  bodies  of  mammals  including  man.  There  are,  however,  other 
fats  formed  from  glycerol  the  molecules  of  which  arc  formed  from  only  ■ 
two  or  even  one  fatty  acid,  the  other  OH  group  or  OH  groups  of  the  | 
glycerol  molecule  being  unchanged. 

The  molecule  of  any  one  of  these  fats  can  be  broken  down  into  its  | 
constituent  glycerol  and  fatty  acid  molecules.  When  this  occurs  one  mole¬ 
cule  of  water  is  taken  up  by  the  glycerol  part  of  the  fat  for  each  molecule  | 
of  fatty  acid  formed.  The  process  is  an  example  of  hydrolysis. 

It  should  be  noticed  that  in  fats  the  proportion  of  oxygen  in  the  mole¬ 
cule  is  small  while  the  proportion  of  hydrogen  is  large.  Thus  in  tri¬ 
stearin,  C57H110O6,  of  the  173  atoms  in  the  molecule  only  6  are  oxygen 
while  1 10  of  the  atoms,  or  almost  two-thirds,  are  hydrogen.  Thus  in  a  fat  a 
very  large  proportion  of  the  carbon  atoms  are  completely  reduced.  This  1 
means  that  when  a  fat  is  oxidized  to  carbon  dioxide,  CO2,  and  water, 
H2O,  as  occurs  in  organisms  a  correspondingly  large  amount  of  energy  ’ 
is  made  available.  Actually  when  1  gram  of  fat  is  completely  oxidized 
approximately  9.3  kilocalories  of  heat  is  liberated  or  enough  heat  to  1 
raise  the  temperature  of  1  kilogram  of  water  9.3°  C. 

(3)  AMINO  ACIDS 

A  number  of  functional  groups  such  as  the  alcohol  group,  — OH,  and 
OH 

I 

the  carboxyl  group,  — C=0,  have  already  been  introduced  in  consider¬ 
ing  the  molecular  structure  of  carbon  compounds.  We  now  come  to 
another  functional  group  called  the  amino  group,  NH2.  An  example  of 
a  substance  containing  this  group  is  amino  propane  formed  by  replacing 
one  of  the  hydrogen  atoms  of  propane  by  an  amino  group  (Fig.  6:14). 
Amino  acids  are  mixed  organic  compounds  in  which  the  two  functional 
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groups  are  the  amino  group,  NH2,  and  the  carboxyl  or  acid  group, 
OH 

I 

C==0.  The  amino  group  is  always  found  attached  to  the  carbon  atom 
next  to  that  to  which  the  carboxyl  group  is  attached.  The  simplest  of 

Amino  group 
/ 

/ 

H  H  H  / 

I  I  I 

H-C-C-C-lNHj 

I  I  I  " - •' 

H  H  H 

Amino  propane 
CH3  •  CH2  •  CH2NH2 

Fig.  6:14  Amino  propane,  an  example  of  a  substance  in  which  a  hydrogen  atom  is 
replaced  by  an  amino  group. 


the  amino  acids  is  glycine  or  amino  acetic  acid,  C2H5NO2  (Fig.  6:15). 
Another  important  amino  acid  is  amino  proprionic  acid  (Fig.  6:16). 

Amino  acids  are  of  interest  to  the  biologist  chiefly  as  the  structural 
units  from  which  the  molecules  of  proteins  are  built.  Some  thirty-odd 
different  amino  acids  have  been  isolated  from  the  different  animal  and 
plant  proteins  so  far  investigated.  Probably  more  will  be  found  since 
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Glycine  or  amino  acetic  acid 
Fig.  6:15  (llycinc  or  amino  acetic  acid, 
the  simplest  of  the  amino  acids. 
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Amino  proprionic  acid 

Fig.  6:16  Amino  proprionic  acid,  a 
simple  amino  acid. 


several  of  these  have  been  isolated  only  recently.  Some  amino  acids 
have  the  form  of  chain  coniiK)unds  while  others  include  one  or  more  ring 
fonnnlions.  'I’h(‘re  may  be  men'  than  one  carboxyl  group  and  there 
may  Ik*  more  than  ont*  amino  groiij).  While  the  carboxyl  group  gives 
acid  properties  to  the  molecule,  the  amino  group,  which  is  related  to 
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ammonia,  NH3,  gives  the  molecule  basic  properties.  Most  amino  acids 
are  readily  soluble  in  water. 

When  an  amino  acid  is  dissolved  in  an  acid  solution,  i.e.,  one  with  an 
excess  of  hydronium  ions,  the  amino  group  of  the  amino  acid  molecule 
takes  up  a  hydrogen  nucleus.  This  part  of  the  amino  acid  molecule  then 
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A  positive  glycine  ion 

Fig.  6:17  A  positive  glycine  ion 
formed  from  a  glycine  molecule  by 
the  addition  of  a  hydrogen  nucleus, 
H+,  to  the  amino  group.  This  gives 
the  glycine  ion  a  positive  pole.  Such 
ions  occur  in  acid  solutions. 
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A  negative  glycine  ion 
Fig.  6:18  A  negative  glycine  ion 
formed  by  the  loss  of  a  hydrogen 
nucleus  from  the  carboxyl  group. 
This  gives  the  glycine  ion  a  negative 
pole.  Such  ions  occur  in  alkaline  solu¬ 
tions. 


comes  to  have  a  positive  charge  and  the  molecule  becomes  a  positive 
amino  acid  ion  (Fig.  6:17).^  When,  on  the  other  hand,  the  amino  acid 
is  dissolved  in  an  alkaline  solution,  i.e.,  one  with  an  excess  of  hydroxyl 

OH 

I 

ions  (OH~),  the  hydrogen  atom  of  the  carboxyl  group  — C=0  becomes 
a  hydrogen  nucleus  and  leaves  the  molecule  to  unite  with  a  hydroxyl 
ion  and  form  a  molecule  of  water.  When  this  occurs  the  acid  part  of  the 
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A  polarized  glycine  molecule 

Fig.  6:19  A  polarized  molecule  of  glycine  formed  by  the  addition  of  a  hydrogen 
nucleus,  H+,  to  the  amino  group  and  the  loss  of  a  hydrogen  nucleus  from  the  carboxyl 
group.  Such  polarized  molecules  occur  in  neutral  solutions. 

amino  acid  molecule  is  left  with  a  negative  charge  and  the  molecule 
becomes  a  negative  amino  acid  ion  (Fig.  6:18).  For  most  amino  acids 
it  is  possible  to  find  a  hydrogen  ion  concentration  near  neutrality,  at 


^  Actually  it  is  a  little  more  complicated  than  indicated  but  the  end  result  is  as  stated. 
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which  one  part  of  the  molecule,  that  with  the  amino  group,  is  positive 
while  the  other  part,  that  with  the  carboxyl  group,  is  negative.  The 
molecule  may  then  be  said  to  be  polarized  (Fig.  6:19).  Such  polarized 
molecules  readily  join  together,  the  positive  part  of  one  linking  with  the 
negative  part  of  the  other.  This  leads  to  our  next  topic. 

(4)  PROTEINS 

The  name  “protein”  comes  from  a  Greek  root  meaning  “to  be  first” 
and  refers  to  the  primary  importance  of  these  compounds  for  all  living 
things.  They  are  the  principal  nitrogen-containing  substances  in  organ¬ 
isms.  Our  knowledge  of  proteins  has  come  chiefly  as  a  result  of  breaking 
them  down  into  simpler  substances.  So  far  it  has  not  been  found  possible 
to  synthesize  the  more  complex  proteins  in  the  laboratory.  The  composi¬ 
tion  of  proteins  varies  somewhat  but  usually  not  greatly  from  the  average 
given  in  Table  6:3.  The  protein  molecule  in  most  cases  is  exceedingly 
large  and  complex.  As  an  example,  the  molecule  of  the  red  pigment  in 
the  blood  may  be  taken.  The  molecule  of  this  substance,  called  hemo¬ 
globin,  is  indicated  by  chemical  analysis  to  be  C758Hi204Ni95S3FeO2i8. 
This  gives  a  molecule  containing  2379  atoms  with  a  molecular  weight 
of  16,670.  However,  other  measurements  indicate  that  the  molecular 
weight  of  hemoglobin  is  four  times  this  amount,  in  which  case  both  of  the 
above  figures  would  have  to  be  multiplied  by  four.  The  molecular  weight 
of  one  protein,  hemocyanin  (a  pigment  in  invertebrates),  has  been 
determined  by  a  physical  method  (ultracentrifuge)  to  be  5,000,000. 

TABLE  6:3.  PROPOR'nONS  BY  WEIGHT  IN  WHICH  I  HE  CHEMICAL 
ELEMENTS  OCCUR,  ON  THE  AVERAGE,  IN  PROTEINS 


PLR  (JtNT  WKIGHT 


Carbon 

50  1 

Oxygen 

Nitrogen 

25  1 
16  1 

f 

1 

Occur  in 

all  {jroteins 

Hydrogen 

7j 

1 

Sulphur 

1 

+ 

Occurs  in 

most  proteins 

Phosphorus 

1 

(Occurs  in 

a  few  proteins 

(a)  HYDROLYSIS  OF  PROTEINS 

d'he  in(‘tho(l  usually  us(‘d  in  studying  i^roteins  is  to  split  the  molecule 
into  siinphT  substanc(‘s  by  hydrolysis.  In  the  hydrolysis  of  a  compound 
the  addition  ol’  a  mol(‘cul<‘  of  water  causes  it  to  divide  into  two  substanees 
one  ol  which  r(‘ceiv(‘s  a  hydrogem  atom,  II,  Irom  tlu'  water  molecule 
while*  the  other  receiv(‘S  the  Oil  group.  'Tlu*  hydrolysis  of  j)rot('ins  may 
be  |)r(Kluced  by  a  numlx'r  ofdillen'ut  methods  which  an*  elfective  in  the 
lollowing  order:  cold  water,  (‘llee'tive  in  onlv  a  few  cases;  boiling  water; 
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superheated  steam;  dilute  solutions  of  acids  or  alkalies;  enzymes.  As  the 
hydrolysis  of  a  protein  proceeds,  substances  of  gradually  decreasing  com¬ 
plexity  arise  and  the  process  may  be  depicted  as  follows: 

Protein - Proteoses - ^  Peptones - ^  Peptides - Amino  acids 


(b)  DECOMPOSITION  OF  AMINO  ACIDS 
When  the  decomposition  is  carried  further,  the  amino  acids  are 
deaminized  giving  rise  to  simpler  organic  acids  and  ammonia  (big. 
6:20);  and  decarboxylized  (Fig.  6:21).  In  these  processes  foul  odors  arc 


H  O  OH 

I  II  I 

H-C-C-C  =  0  +  NH 

I 

H 


H 

I 


NHJOH 

"T"  I 


H-C 


C-C  =  0  O 


I  J__L. 

H  I  H 


Amino  proprionic  acid  Pyruvic  acid  Ammonia 

Fig.  6:20  Deaminization.  In  the  example,  the  amino  group  and  the  hydrogen  atom 
bound  to  the  same  carbon  atom  are  split  off  as  a  separate  ammonia  molecule.  The  re¬ 
maining  part  of  the  molecule  becomes  oxidized  to  pyruvic  acid. 


H 

0 

OJ 

X 

— 1 

H  0  i 

1 

II 

1 1 

1  II  i 

1 

0- 

1 

X 

C 

!c=Oi  - 

L  _  _  J 

H-C-C-H  +  CO2 

H 

Pyruvic  acid 

H 

Acetaldehyde 

Fig.  6:21  Decarboxylization.  In  the  example,  the  two  oxygen  atoms  and  the  carbon 
atom  of  the  carboxyl  group  are  split  off  as  a  molecule  of  carbon  dioxide,  leaving  a  mole¬ 
cule  of  acetaldehyde. 


given  off  which  are  due  to  certain  organic  compounds  occurring  in  the 
decomposition  and  to  hydrogen  sulphate  when  sulphur  is  present  in 
the  proteins.  The  end  products  include  ammonia,  NH3,  carbon  dioxide, 
CO2,  and  water,  H2O. 


(c)  THE  SYNTHESIS  OF  PEPTIDES 

It  would  seem  that  any  artificial  synthesis  of  proteins  would  have  to 
consist  to  some  extent  of  a  reversal  of  the  steps  taken  in  the  hydrolysis. 
Amino  acids  have  been  combined  to  form  peptides.  A  simple  case  is  the 
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formation  of  glycyl- glycine  from  two  molecules  of  glycine  (Fig.  6:22). 

O 

ii 

The  synthesis  is  formed  by  the  union  of  a  carboxyl  group,  — C — OH, 

H  OH 

II  II  I 


with  an  amino  group,  — N — H,  to  form  a  junction  of  the  form  — C — N — . 
During  the  process  one  molecule  of  water  is  liberated.  This  type  of  union 
is  called  peptide  linkage.  More  complicated  peptides  have  been  made 
in  the  laboratory.  The  most  complicated  so  far  made  was  composed  of 

SYNTHESIS 


H  0 

1  II  , _ 

r . 

i 

I 

H  H  0 

.  1  1  i; 

- j - 

1 

:  H 

j  1 

H  0  H  H 

I  n  1  1 

- , 

0  ! 

»  1 

-C-CHOH 

+  H 

i-N-c-c- 
'  1 

-oh;:^h-n 

1 

1 

-o 

1 

o 

1 

z 

1 

-o 

C-OH  +  H2O 

1 

H 

1 

H 

i 

i 

H  H 

Glycine 

Glycine 

1 

HYDROLYSIS 

Glycyl-glycine 

Water 

Fig.  6:22  Synthesis  and  hydrolysis  of  glycyl-glycinc.  In  the  synthesis,  an  oxygen  atom 
and  the  associated  hydrogen  atom  from  a  carboxyl  group  of  one  glycine  molecule  split 
off  and  unite  with  a  hydrogen  atom  from  the  amino  group  of  another  glycine  molecule 
to  form  a  molecule  of  water,  while  the  remaining  parts  of  the  glycine  molecules  unite  to 
form  a  molecule  of  glycyl-glycinc.  In  hydrolysis  the  process  is  reversed. 

eighteen  amino  acid  molecules,  fifteen  of  glycine,  and  three  of  another 
amino  acid  called  leucine.  'This  polypeptide  had  a  molecular  weight 
of  1213.  In  its  general  behavior  it  was  similar  to  that  of  a  natural  pep¬ 
tone  or  proteose.  It  was  even  hydrolyzed  by  the  enzyme  trypsin.  Since 
enzymes  are  highly  specilic  in  their  action  this  is  also  evidence  of  its 
similarity  to  a  natural  peptone. 

(d)  KINDS  OF  PROTEINS 

I’he  number  of  difh'reni  kinds  of  proteins  is  very  large.  Indeed  the 
proteins  of  each  jilant  or  animal  species  .setan  to  diller  Irom  those  of  other 
s[)e,cies,  and  some  investigators  have  recognized  dillerences  in  the  pro¬ 
teins  of  individuals  of  tlu'  same  s|')ecies.  d  hat  so  many  dillerenl  kinds  of 
[)roteins  are  jiossible  is  diu'  to  the  large'  number  ol  atoms  in  the  protein 
molecule  and  the  almost  infinite'  numbe'r  of  combinations  and  jK'niui- 
talions  of  the.se'  atoms  whic'h  may  occur.  'The  following  brief  classifica¬ 
tion  cjf  proteins  will  give  .some  idea  ol  the  e'xle'ut  ol  variation  of  proteins. 
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(5)  A  BRIEF  CLASSIFICATION  OF  PROTEINS 

Simple  proteins.  Proteins  which  yield  only  amino  acids  on  hydrolysis. 
They  include  the  following  groups: 

Albumins,  including  egg  albumin,  serum  albumin  of  blood,  and 
lactalbumin  of  milk. 

Globulins,  including  serum  globulin  and  fibrinogen  of  the  blood,  and 
proteins  from  the  seeds  of  hemp  and  leguminous  plants. 

Prolamines,  chiefly  proteins  from  cereal  grains. 

Albuminoids,  including  keratin  from  hair,  horns,  and  scales,  and 
clastin  and  collagen  from  connective  tissue  fibers. 

Histones  from  glandular  tissue. 

Conjugated  proteins.  Proteins  which  yield  besides  amino  acids 
other  nonprotein  substances.  They  include  the  following  groups: 

Phosphoproteins,  containing  phosphorus  and  including  casein  from 
milk  and  vitellin  from  egg  yolk. 

Glycoproteins,  containing  carbohydrates  and  including  mucin  from 
saliva. 

Nucleoproteins  which  make  up  the  greater  part  of  the  proteins  from 
the  nuclei  of  cells. 

Chromoproteins,  containing  pigments  and  including  hemoglobin  from 
the  blood. 

Lecithoproteins,  containing  lecithin,  a  fatty  material  and  including 
thromboplastin  which  causes  clotting  of  the  blood. 

Derived  proteins.  Proteins  which  do  not  occur  naturally.  They  arc 
proteins  which  have  been  formed  either  by  the  decomposition  of  natu¬ 
rally  occurring  proteins  or  by  synthesis  from  amino  acids.  They  include: 

Primary  derived  proteins  in  which  there  has  been  no  change  from  the 
original  molecular  weight  or  particle  size.  They  include  such  proteins 
as  fibrin  formed  from  the  fibrinogen  of  the  blood,  and  egg  white  or 
coagulated  albumin. 

Secondary  derived  proteins  are  products  of  smaller  molecular  weight 
or  particle  size  than  the  original  protein.  Included  in  them  are  proteoses, 
peptones,  and  peptides. 

2.  SURFACE  ACTION 

A  system  in  the  physicochemical  sense  is  composed  of  masses  of  matter 
which  interact.  The  masses  of  matter  may  be  different  substances  or  the 
same  substance  in  different  states.  Each  of  these  masses  of  matter  which 
is  homogeneous,  i.e.,  the  same  throughout,  and  physically  distinct  from 
the  others,  is  called  a  phase.  For  example,  a  piece  of  ice  floating  in  water 
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under  an  atmosphere  of  water  vapor  constitutes  a  physicochemical  sys¬ 
tem  in  which  there  are  three  phases  —  ice,  liquid  water,  and  water 
vapor.  These  phases  interact,  for  when  the  ice  melts  the  amount  of  liquid 
is  increased,  and  when  evaporation  occurs  the  amount  of  vapor  is  in¬ 
creased.  The  phases  need  not  be  different  states  of  the  same  substance. 
They  may  consist  of  different  substances  and  a  single  phase  may  contain 
more  than  one  substance,  provided  the  substances  form  a  homogeneous 
mass  as  in  the  case  of  a  solution. 

The  surface  separating  two  phases,  as  the  surface  separating  the  ice 
and  liquid  water  or  the  surface  separating  the  water  and  the  water 
vapor  in  the  example  given  above,  is  called  an  interface.  The  interface 
between  two  phases  is  the  scene  of  forces  which  affect  the  system  or,  as 
it  is  usually  expressed,  it  is  a  region  where  energy  becomes  available  to 
change  the  system.  In  biological  systems  this  available  energy  shows 
itself  chiefly  in  four  forms :  surface  tension,  concentration  of  substances  in 
solution  or  in  suspension  at  the  interface,  electrical  charges  on  the  inter¬ 
face,  and  a  tendency  for  chemical  changes  to  occur  at  the  interface. 


A.  SURFACE  TENSION 


Almost  everyone  has  seen  the  small  insects  known  as  water  striders” 


running  over  the  surface  of  a  pond 
water  they  do  not  sink  below  the 
surface.  The  same  sort  of  thing  oc¬ 
curs  when  a  needle  is  made  to  float 
by  gradually  lowering  it  onto  the 
surface  of  the  water  in  a  glass.  In 
both  cases  the  surface  of  the  water 
acts  as  if  it  were  a  sheet  of  extremely 
thin  rubber  stretched  over  the  water. 
The  phenomenon  is  explained  when 
the  forces  between  the  water  mole¬ 
cules  are  considered  (Fig.  6:23). 
The  molecules  of  water  are  held  in 
the  liquid  by  the  attractive  forces 
lietwccn  them.  Below  the  surface 
these  forces  arc  equal  in  all  direc¬ 
tions.  At  the  surface,  however,  a 


or  stream.  Although  heavier  than 


V-  -------  - 


Fig.  6:23  Explanation  of  surface  tension. 
'I'h(‘  molecule  .X  below  the  surlace  is  at¬ 
tracted  in  all  directions  by  the  molecules 
surrounding  it  (six  in  the  figure)  while  the 
molecule  at  the  surface  is  attracted  only 
by  the  molecules  at  and  below  the  surface, 
d’he  resultant  force  on  molecule  R  is  there¬ 
fore  downward.  Diagram  from  N.  H, 
lilack,  An  Introductory  Course  in  Col/ci^r 
Physics,  The  Macmillan  Ckimpany. 


tnolecule  is  a(trael(‘(I  only  by  (he 

inol(*cules  below  and  on  eilluM'  sith*  of  it,  the  molecules  of  water  in  the 
water  vajx)r  over  (he  litjuid  Ikmu^  (oo  lar  away  to  exert  any  force  on  it. 
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The  molecules  at  the  surface  are  therefore  pulled  downward  or  into  the 
liquid  and  this  tends  to  reduce  the  area  of  the  surface  when  a  reduction 
is  possible  or  to  oppose  any  increase  in  the  area.  This  tension  in  the 
surface  layer  which  tends  to  make  its  area  a  minimum  is  called  surface 
tension. 

Surface  tension  produces  conspicuous  effects  when  liquids  occur  in 
tubes  of  small  diameter  called  capillary  tubes.  In  this  case,  when  a 

capillary  tube  is  held  vertically  in  a 
mass  of  liquid,  there  may  be  a  dif¬ 
ference  in  level  between  the  liquid  in 
the  capillary  tube  and  the  liquid 
outside  it  (Fig.  6:24).  When  the  at¬ 
traction  of  the  molecules  of  the  liquid 
for  each  other  is  less  than  their  at¬ 
traction  for  the  molecules  of  the  walls 
of  the  tube,  the  liquid  rises  in  the 
tube,  as  occurs  when  the  liquid  is 
water  and  the  capillary  tube  is  of 
glass.  When  the  liquid  is  mercury  and 
the  capillary  tube  is  glass,  the  level 
of  the  mercury  in  the  tube  is  lower 
than  the  level  of  the  mercury  outside. 

Surface  tension  is  a  factor  in  many 
vital  phenomena.  In  the  form  of 
capillary  attraction  it  is  partly  re¬ 
sponsible  for  the  rise  of  the  sap  in  the 
minute  vessels  in  the  woody  tissue  of 
trees  and  other  plants.  It  is  also  a 
factor  in  determining  the  shapes  of 
cells,  especially  when  they  are  with¬ 
out  rigid  cell  walls.  Thus  many  egg  cells  when  suspended  freely  in  a 
liquid  medium  assume  a  spherical  shape,  which  is  the  form  in  which  they 
present  the  smallest  surface  to  the  liquid. 

Most  substances  when  in  solution  lower  the  surface  tension  of  the 
solvent,  some  much  more  than  others.  Fats  and  fatty  substances  are  con¬ 
spicuous  in  this  respect,  even  a  trace  producing  in  some  cases  a  marked 
effect.  The  effect  of  proteins  may  be  considerable.  Inorganic  salts  cause 
little  change  in  the  surface  tension  in  the  solvent.  The  effect  of  substances 
in  solution  on  the  surface  tension  is  explained  as  due  to  the  attraction 
between  the  molecules  of  the  solute  and  the  solvent  being  less  than  the 
attraction  of  the  molecules  of  the  solvent  for  each  other.  Thus  when  they 


Fig.  6:24  Diagram  to  show  capillary 
attraction  and  surface  tension.  The 
water  in  the  capillary  tube  on  the  left 
rises  above  that  in  the  larger  tube,  be¬ 
cause  the  attraction  of  the  water  mole¬ 
cules  for  each  other  is  less  than  the 
attraction  of  water  molecules  for  glass 
molecules,  and  because  relatively  more 
molecules  of  water  come  in  contact  with 
the  glass  at  the  surface  of  the  water  in 
the  capillary  tube  than  in  the  larger 
tube.  With  mercury  the  reverse  occurs, 
because  the  attraction  of  the  mercury 
molecules  for  each  other  is  greater  than 
for  glass  molecules.  Diagram  from  N.  H. 
Black,  An  Introductory  Course  in  College 
Physics,  The  Macmillan  Company. 
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are  at  the  surface  the  force  pulling  the  solute  molecules  down  into  the 
solution  is  less  than  the  force  pulling  the  molecules  of  the  solvent  into 
the  solution. 

Any  substance  which  lowers  the  surface  tension  of  a  solution  tends  to 
become  concentrated  at  the  surface  of  the  solution.  This  is  explained  in 
the  same  way  that  the  effect  of  such  substances  on  the  surface  tension  is 
explained.  When,  due  to  molecular  movement,  a  molecule  of  solute  comes 
to  the  surface  it  tends  to  stay  there  and  displace  a  molecule  of  the  sol¬ 
vent  because  the  force  tending  to  pull  it  back  into  the  solution  is  less  than 
the  force  tending  to  pull  a  molecule  of  the  solvent  into  the  solution. 
This  effect  of  surface  tension  in  causing  the  accumulation  of  dissolved 
substances  in  the  interface  between  two  phases  is  of  great  importance  in 
organisms  as  it  appears  to  be  one  of  the  main  factors  in  producing  mem¬ 
branes  such  as  the  plasm.a  membrane. 

B.  ADSORPTION 

The  concentration  of  the  molecules  of  the  solute  at  the  surface  of  the 
solvent  described  in  the  preceding  paragraph  is  called  adsorption. 
Adsorption  may  be  described  as  the  concentration  of  the  molecules  of 
one  substance  at  the  surface  of  another  substance.^  Adsorption  is  of  great 
importance  in  biological  systems.  The  formation  of  colloidal  particles  is 
to  be  traced  in  part  to  adsorption. 

C.  ELECTRICAL  CHARGES  ON  SURFACES 

The  particles  adsorbed  on  a  surface  may  be  ions.  In  this  case  the  sur¬ 
face  becomes  charged  either  positively  or  negatively.  1  he  same  eflect 
may  result  from  the  adsorption  of  j:)olar  substances  at  a  surface  when  the 
polar  molecules  are  oriented  to  the  surface.  As  will  appear  later  elec¬ 
trical  charges  are  important  in  many  biological  systems.  They  are 
largely  responsible  for  the  maintenaiK'e  of  th('  particles  ol  colloidal  sys¬ 
tems  in  suspension.  Ideelrit'al  charge's  on  membranes  may  determine 
what  will  pa.ss  and  what  will  not  pass  through  them. 

D.  CHEMICAL  ACTIVITY  AT  INTERFACES 

Inte'rlac'es  tend  to  b(‘  regions  ol  ('hemie'al  ac'tivity,  i.e.,  re'gions  where 
chemical  compounds  are*  formed  or  where'  they  are  broke'n  up  into  their 

’  t’tiis  .sl;if ftiicnJ  dors  not  distiii^iiish  hrtwrrn  adsorption  and  absorption.  1  hr  distinctioji 
is  not  always  (  Irar.  AI).sor|)tion  is  iisn.illy  applied  when  one  snlvstancr  is  ini  indrd  in  .inotlirr. 
I’hns  a  gas  may  hcromr  al)sorl>rtl  into  a  li(|nid,  whirh  is  practically  r(]nivalcnt  to  going  into 
sfjlntion. 
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components.  This  is  easily  understood  from  the  foregoing  discussion  of 
adsorption  since  chemical  changes  are  apt  to  occur  when  different  sub¬ 
stances  are  brought  into  contact.  Also  the  charge  on  the  surface  attracts 
ions  of  the  opposite  charge  and  these  may  enter  into  chemical  combina¬ 
tion.  The  catalytic  action  of  certain  surfaces  referred  to  in  the  section  on 
catalysts  is  an  example  of  chemical  action  at  an  interface. 

3.  COLLOIDAL  SYSTEMS 
A.  GENERAL  DISCUSSION 

If  a  glass  of  muddy  water  from  a  pond  or  marsh  be  set  down  and  the 
contents  allowed  to  settle,  it  will  be  noticed  that  the  larger  visible  par¬ 
ticles  settle  out  first,  then  the  smaller  visible  particles,  after  which  the 
water  may  appear  cloudy.  If  a  portion  of  this  cloudy  water  be  examined 
under  the  microscope  it  will  be  found  that  the  cloudiness  is,  in  great 
part,  due  to  particles  too  small  to  be  visible  to  the  unaided  eye  but 


Fig.  6:25  Tyndall  effect.  The 
rays  of  light  show  as  a  bright 
region  in  the  liquid.  From 
McPherson,  Henderson,  Fer- 
nelius,  and  Mack,  Chemistry^ 
A  Textbook  for  Colleges,  Ginn 
and  Company. 


Fig.  6:26  The  Ultramicroscopc. 
The  liquid,  containing  small  par¬ 
ticles,  is  illuminated  at  right  angles 
to  the  direction  of  vision  through 
the  micro.scope.  From  Babor  and 
Lehram,  General  College  Chemistry, 
The  Thomas  Y.  Crowell  Company. 


visible  under  the  microscope.  In  time  the  water,  beginning  at  the  top  of 
the  glass,  will  become  clear,  showing  that  the  finer  material,  largely 
responsible  for  the  cloudiness,  is  settling  out.  So  far  the  particles  have  ; 
been  of  a  size  which  made  them  visible  at  least  under  the  ordinary  j 
microscope.  The  particles  and  the  water  are  said  to  constitute  a  disper-  , 
sion  system  —  in  this  case,  because  the  particles  are  visible,  a  coarse 
dispersion  system.  A  dispersion  system  contains  two  phases;  one  phase,  ■ 
that  represented  by  the  particles,  is  called  the  dispersed  phase,  while 
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the  other,  represented  in  this  case  by  the  water,  is  called  the  dispersing 
phase. 

If  now  a  small  beam  of  strong  light  is  sent  through  the  clear  water  in 
the  glass  at  right  angles  to  the  line  of  sight,  the  part  of  the  water  illu¬ 
minated  will  again  appear  cloudy  to  the  naked  eye.  The  optical  effect 
obtained  in  this  way  is  called  the  Tyndall  eflFect  (Fig.  6:25).  When  the 
same  water  is  examined  under  the  microscope  and  illuminated  in  the 
same  way,  i.e.,  by  a  strong  beam  of  light  parallel  to  the  stage  of  the  micro¬ 
scope,  bright  specks  of  light  appear  (Fig.  6:26).  The  presence  of  the 
bright  specks  of  light  is  due  to  the  fact  that  the  particles,  although  too 
small  to  be  seen  under  ordinary  conditions,  are,  nevertheless,  large 
enough  to  reflect  light.  This  arrangement  by  which  particles  too  small 
to  be  seen  by  ordinary  methods  are  made  visible  as  bright  specks  by  re¬ 
flected  light  is  called  the  ultramicroscope. ^  It  does  not  show  the  shape 
or  outline  of  the  particles.  Particles  such  as  those  just  described,  which 
can  be  seen  only  with  the  ultramicroscope  and  are  larger  than  ordinary 
molecules,  are  called  colloidal  particles.  Together  with  the  substance  in 
which  they  are  suspended,  in  this  case  water,  they  form  a  colloidal  sys¬ 
tem.  Colloidal  particles  pass  through  the  pores  of  ordinary  filter  paper 
while  the  particles  of  a  coarse  suspension  are  held  back.  However,  by 
using  cerliain  special  types  of  filters,  called  ultrafilters,  in  which  the 
pores  arc  very  fine,  the  colloidal  particles  can  be  caught  and  the  water 
freed  of  them.  After  the  dispersion  system  has  been  passed  through  a 
sufficiently  fine  ultrafilter  only  substances  in  solution  remain  in  the 
water.  It  will  be  remembered  that  in  a  .solution  the  individual  molecules 
of  the  solute  are  dispersed  among  the  molecules  ol  the  solvent. 

As  outlined  above,  the  difference  between  a  colloidal  system  and  a 
coarse  dispersion  system  on  the  one  hand  and  a  solution  on  the  other 
hand  dej)ends  on  the  size  of  the  partic'les.  1  he  size  at  which  a  particle 
may  be  consid(Ted  to  b(‘  colloidal  has  been  arbitrarily  set  at  between 
200  m/i  and  1  in/i.  'Two  hundred  millimicrons  is  roughly  the  limit  ol  size 
for  visibility  with  the  ordinary  microsc'ope  and  one  millimic'ron  is  about 
the  size  of  a  fairly  large  molecule.  Clolloidal  partic  les  usually  consist  ol 
many  molecules.  I  lowc'vc'r,  the  v’ery  large*  molc'cailc's  ol  .some  proteins 
may  behave  as  colloidal  jiarticles.  As  .sec'ii  in  the'  ultramicroscope', 
colloidal  |)arti(’l<*s  are*  sul)j(*e't  to  a  rathe*r  rajiiel  Brownian  movement, 


''I'lir  Kisropr  should  not  hr  confnsrd  with  thr  nltraviolrt  nhcroscoix'  which,  by 

iisin^  ultraviolet  rays  instr.id  of  oi  <lin.ii  y  visible  li^ht  rays,  is  able  to  inamhly  ()bjccts  slightly 
more  than  the  ordinary  mi(  rosco|)<*.  Nor  is  it  to  Ix'  conlns<'d  with  the  eh'ctron  niin'oscopc  \s  hie  h 
uses  a  beam  of  elei  trons  to  lonn  the  im.ine  and  five's  nnu  h  hijj;her  maj^nifu  alions.  Ilout  Nri, 
np  to  the  present,  the  use  of  the  latter  ha.s  been  limited  to  the  inaKnilieation  of  very  small  objects 
maintained  in  a  v.ii  inmi. 
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due  to  their  bombardment  by  the  molecules  or  ions  of  the  dispersing 
phase  (see  page  122). 

B.  TYPES  OF  COLLOIDAL  SYSTEMS 

Various  types  of  colloidal  systems  can  be  distinguished  and  they  arc 
classified  in  two  different  ways.  One  classification  depends  on  the  physi¬ 
cal  state  of  each  of  the  phases,  i.e.,  whether  solid,  liquid,  or  gas.  Organic 
systems  belong  mainly  to  two  of  these  types,  viz.,  a  liquid  dispersed  in  a 
liquid,  e.g.,  minute  drops  of  oil  in  water,  sometimes  called  an  emulsion, 
and  solid  particles  dispersed  in  a  liquid,  a  form  which  protein  systems 
frequently  take.  In  cells  the  dispersing,  or  as  it  is  often  called,  the  con¬ 
tinuous  phase,  is  usually  water  and  the  dispersed,  or  discontinuous 
phase,  may  be  a  carbohydrate,  a  fat  or  fatty  substance,  or  a  protein. 
Colloidal  systems  may  also  be  grouped  according  to  the  affinity  existing 
between  the  dispersed  and  dispersing  phases.  When  the  substances  of  the 
two  phases  do  not  readily  mix,  as  in  the  case  of  oil  and  water,  the  system 
is  said  to  be  lyophobic  (Gr.  /ueiri,  to  dissolve  +  plwboSy  to  fear).  In  such 
colloidal  systems  the  Tyndall  effect  is  pronounced  and  under  the  ultra- 
microscope  the  bright  specks  appear  very  bright  and  distinct.  When 
the  substances  forming  the  two  phases  tend  to  mix,  as  is  the  case  with 
starch  and  most  protein  particles,  the  Tyndall  effect  is  much  less  pro¬ 
nounced  and  the  specks  of  light  under  the  ultramicroscopc  may  be  some¬ 
what  indistinct.  This  latter  effect  is  interpreted  as  being  due  to  the  par¬ 
ticles  not  having  a  sharp  outline,  owing  to  the  adsorption  of  water 
molecules  on  the  outer  surface  of  the  particles.  Systems  of  this  latter  type 
are  said  to  be  lyophilic  (Gr.  luein,  to  dissolve  -f  philein,  to  love).  Lyopho¬ 
bic  colloidal  systems  tend  to  be  unstable,  i.e.,  the  particles  tend  to  com¬ 
bine  and  settle  out,  while  lyophilic  systems  tend  to  be  stable. 


C.  THE  LARGE  INTERFACES  OF  COLLOIDAL  SYSTEMS 

For  a  given  amount  of  dispersed  substance,  a  colloidal  system  has  a 
very  large  interfacial  area.  This  is  easily  seen  by  comparing  the  surface 
area  of  the  same  amount  of  substance  when  contained  in  one  mass  and 


TABLE  6:4.  EFFECT  OF  REDUCING  THE  SIZE  OF  PARTICLES  ON  TOTAL 
SURFACE  AREA 


LENGTH  OF  SIDE  OF  CUBE 
1  mm 

1  /i  =  10“3  mm 
1  m/i  =  10“®  mm 


NUMBER  OF  CUBES  IN 
TOTAL  MASS 

1 

109 

1018 


TOTAL  SURFACE  AREA 

6  sq  mm 
6  X  108  sq  mm 
6  X  10®  sq  mm 
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when  divided  into  particles.  The  shape  or  shapes  of  the  particles  makes  a 
difference  in  the  area  but  the  calculation  is  easily  made  for  a  series  of 
cubes  (Table  6:4).  It  is  seen  that  when  a  cube  1  millimeter  on  a  side  is 
divided  into  cubes  1  /x  on  a  side  the  surface  area  is  increased  one  thousand 
times  and  that  when  the  same  cube  is  divided  into  cubes  1  m^  on  a  side 
the  surface  is  increased  one  million  times. 

The  large  interfacial  area  which  colloidal  systems  possess  gready  in¬ 
creases  the  importance  of  the  various  types  of  surface  action  in  determin¬ 
ing  the  behavior  of  such  systems.  Thus,  when  dispersed  in  a  colloidal 
system,  a  given  quantity  of  substance  can  adsorb  a  vastly  greater  amount 
of  another  substance  than  when  one  compact  mass.  With  this  increased 
adsorptive  capacity  goes  increased  opportunity  for  chemical  activity. 
Both  of  these  processes  figure  prominently  in  the  life  of  the  cell.  As  will 
appear  later  it  is  difficult  to  imagine  any  form  of  life  without  a  colloidal 
system.  Indeed  the  presence  of  colloidal  systems  may  be  regarded  as  a 
major  prerequisite  for  the  appearance  of  living  things. 

The  charges  on  colloidal  particles  are  relatively  large  and  when  the 
charges  are  of  the  same  sign  the  particles  repel  each  other.  This  repulsion 
between  the  particles  constitutes  the  chief  factor  in  keeping  the  particles 
from  settling  out  of  the  system  in  response  to  gravity. 

D.  SOLS  AND  GELS 

When  gelatine,  which  is  a  simple  protein  obtained  from  animal  tissues, 
is  added  to  hot  water  it  appears  to  go  into  solution.  Actually  what  is 
formed  is  a  colloidal  system,  as  can  be  shown  by  examining  the  liquid 
under  the  ultramicroscope  or  by  ultrahltration.  If  sufficient  gelatine  (10 
to  12  per  cent)  was  added  and  the  system  is  cooled,  the  liquid  will  set 
into  a  jelly,  d’he  t(‘rms  sol  and  gel  an'  used  to  distinguish  the  two  states 
of  such  a  colloidal  system.  In  tlu*  sol  state  the  system  behaves  like  a 
lifjuid.  In  the  gel  s(a(('  it  has  e('rtain  of  the  leatures  ol  a  solid.  If  the  gel 
in  the  above  experiment  is  heated  it  becomes  liquid  again,  i.c.,  the 
change  from  the  sol  to  the  gel  state'  is  in  this  case  reversible. 

Not  all  colloidal  systems  form  g('ls  similar  to  the  one  described.  In 
many  cases  the  material  in  the  dispersed  phase,  instead  of  forming  a 
jelly,  coagulate's  te)  feirin  a  elillusi'  semi-se:)liel  mass  called  a  coagulum. 
d’he'  change  tej  a  ce)agulum  is  ne)t  re've'rsible.  An  examjde  of  this  type  ol 
ce)lloid  is  se'c'ii  in  the'  se)-e'alle'el  white'  e:)f  the  hen’s  “egg.”  1  his  contains  a 
sim|)le*  pie)te'in  e'alle'el  albiimtn.  In  .m  e^rdinary  Iresh  egg  the  “white  is 
in  the'  form  e)f  a  cle'ar  lieiuiel.  Whe-n  the  egg  is  boile'd  this  beconu's  an 
e)|)a(juc  white  ce)agulum. 
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The  structure  of  gels  and  coagula  are  of  special  interest  as  they  suggest 
what  may  be  the  structure  of  protoplasm.  It  seems  that  the  internal 
structure  of  a  coagulum  resembles  a  sponge  with  very  fine  pores.  Gels, 
on  the  other  hand,  do  not  seem  to  be  spongelike,  but  rather  to  consist  of 
long  fine  fibers  which  pass  through  the  liquid  and  support  it. 

4.  MEMBRANES 

A  piece  of  filter  paper  is  effective  in  keeping  back  or  screening  out  the 
larger  particles  in  a  liquid  because  of  its  porous  nature.  In  filter  paper 
the  pores  are  relatively  large,  as  can  easily  be  seen  when  a  piece  of  such 
paper  is  examined  under  the  microscope.  Structures  with  much  finer 
pores  occur  in  nature  and  can  be  made  artificially  and  are  called  mem¬ 
branes.  Membranes  can  be  made  with  pores  of 
almost  any  size  required  to  .screen  out  the  par¬ 
ticles  of  a  colloidal  .system.  Thus  substances  in 
the  dispersed  pha.se  can  be  separated  from  the 
.system.  Membranes  which  allow  certain  par¬ 
ticles  to  pass  and  not  others,  whether  on  account 
of  their  size  or  their  electrical  condition,  arc 
called  differentially  permeable  or  semiper- 
meable  membranes. 

This  principle  is  used  in  an  apparatus  called 
a  dialyzer,  used  for  separating  impurities  from 
colloidal  systems.  A  membrane  is  made  in  the 
form  of  a  bag  or  sack  in  which  the  colloidal 
system  is  placed.  This  sack  containing  the  col¬ 
loidal  system  is  then  placed  in  distilled  water 
or  some  other  suitable  liquid.  The  dissolved 
substances  and  sufficiently  small  particles  diffuse 
out  through  the  pores  of  the  sack  into  the  sur¬ 
rounding  water  while  the  colloidal  substance 
being  dialyzed  remains  in  the  sack  (Fig.  6:27). 
The  liquid  outside  the  sack  is  changed  from 
time  to  time  as  the  process  proceeds. 

When  a  membrane  is  formed  from,  or  contains,  a  polar  substance  the 
molecules  of  the  substance  may  become  oriented  so  as  to  produce  the  ef¬ 
fect  of  a  charge  on  the  surface,  or  ions  may  become  adsorbed  on  the 
surface  of  the  membrane  and  produce  the  same  effect.  When  this  is  the 
case,  ions  in  the  solution  with  the  same  charge  on  them  as  the  charge  on 
the  membrane  are  repelled  from  the  membrane  and  do  not  pass  through 


Fig.  6:27  A  dialyzer.  The 
liquid  to  be  dialyzed  is 
placed  in  a  sack  which  is 
formed  of  a  selectively  per¬ 
meable  membrane.  Sub¬ 
stances  which  pass  through 
the  membrane  pass  out  of 
the  sack  into  the  surround¬ 
ing  liquid  which  is  changed 
by  means  of  the  system  of 
tubes.  From  Babor  and 
Lehrman,  General  College 
Chemistry^  The  Thomas  Y. 
Crowell  Company. 


Ari.  5  OSMOSIS 


?77 


it,  while  ions  with  a  charge  of  the  opposite  sign  are  attracted  to  the  mem¬ 
brane  and  readily  pass  through.  Thus  the  passage  of  particles  through  a 
membrane  depends  on  other  factors  besides  their  size. 

The  pores  of  a  membrane  may  be  too  small  to  allow  the  passage  of 
the  dissolved  molecules  or  the  ions  of  a  substance  through  them,  while 
allowing  pure  water  or  other  dissolved  substances  to  pass,  or  the  mem¬ 
brane  may  be  such  that  the  molecules  or  ions  of  one  substance  pass 
through  it  only  very  slowly  while  those  of  another  substance  pass  through 
it  easily.  Thus,  for  example,  sugar  molecules  pass  very  slowly  through  a 
parchment  membrane  while  pure  water  passes  rapidly  through  such  a 
membrane. 


5.  OSMOSIS 

A  differentially  permeable  membrane  may  give  rise  to  a  phenomenon 
called  osmosis  which  is  due  to  the  difi'erence  in  the  rates  at  which  differ¬ 
ent  substances  may  pass  through  the  membrane.  How  osmosis  occurs 
can  best  be  understood  from  an  example  (Fig.  6:28).  Across  the  lower 


Membrane  permeable  to  water 
A  but  not  to  cane  sugar  ^ 

Fig.  6:28  Diagram  illustrating  (lillusion  through  <i  dillcirutially  jK-rmcaldo  membrane. 
I'rum  llolman  and  Robbins,  I  ex  I  hook  oj  (rcnnal  liotariy,  by  j^ermission  of  John  Wiley  & 
Sons,  Inc. 

part  of  a  U-tiibe  is  stretched  a  iiieinbrane  wliieh  is  permeable  to  water, 
but  which  allows  cane  sugar  mol(‘('iil(‘s  to  i)ass  only  very  slowly.  CJn  one 
side  of  this  iiK'inbrane,  the  U-lttht*  contains  a  5  p(.*r  tent  solution  ol 
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cane  sugar,  and  on  the  other  side  of  the  membrane,  a  1  per  cent  solution 
of  the  same  substance.  If  the  amounts  of  the  solution  are  so  adjusted  that 
they  reach  the  same  level  in  the  two  arms  of  the  tube  it  will  be  found 
that  after  a  time  (Fig.  6:29  B)  the  level  of  the  more  concentrated  solu¬ 
tion  (on  the  left)  has  become  higher  while  that  of  the  less  concentrated 
(on  the  right)  has  become  lower,  and  that  the  diherence  in  level  be¬ 
tween  the  two  solutions  will  continue  to  increase  until  a  certain  differ¬ 
ence  in  level  is  reached,  after  which  it  will  remain  constant. 

Since  the  cane  sugar  was  unable  to  pass  through  the  membrane  this 
experiment  shows  that  water  passes  through  the  membrane  from  the 
side  where  there  is  relatively  more  water  to  the  side  where  there  is  rel¬ 
atively  less  water  until  a  certain  difference  in  pressure,  represented  by 
the  difference  in  levels,  exists  on  opposite  sides  of  the  membrane.  This 
may  be  stated  in  another  way  which  is  more  in  conformity  with  our  idea 
of  diffusion.  The  water  is  more  concentrated  where  the  sugar  is  less  con¬ 
centrated,  hence  it  moves  from  the  side  with  the  more  dilute  solution  to 
the  side  with  the  more  concentrated  solution.  The  difference  in  pressure 
on  opposite  sides  of  a  differentially  permeable  membrane  due  to  solu¬ 
tions  of  different  concentrations  on  the  opposite  sides  of  it  is  called 
osmotic  pressure.  The  word  “osmosis”  is  properly  used  to  designate  the 
passage  of  the  liquid,  in  this  case  water,  through  the  membrane,  but 
its  use  has  become  ambiguous.  Besides  the  changes  in  the  levels  of  the 
solutions  other  changes  have  occurred;  the  volume  of  liquid  on  the  left 
has  increased  while  the  volume  of  that  on  the  right  has  decreased,  the 
concentration  of  the  solution  on  the  left  has  decreased  while  the  concen¬ 
tration  of  that  on  the  right  has  increased. 

In  order  for  an  osmotic  pressure  to  be  developed,  it  is  only  necessary 
for  the  concentration  of  the  substance  concerned  in  the  process  to  be 
greater  on  one  side  of  the  membrane  than  on  the  other,  and  it  is  not 
necessary  for  the  membrane  to  be  absolutely  impermeable  to  the  sub¬ 
stance;  an  osmotic  pressure  will  be  developed  if  the  membrane  merely 
retards  diffusion  of  the  substance.  The  plasma  membranes  of  cells  are 
very  delicate,  differentially  permeable  membranes. 
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CHAPTER  7 


Cell  Physiology 


The  importance  of  the  cell  as  a  structural  unit  in  organisms  has  al¬ 
ready  been  emphasized.  The  cell  is  equally  important  as  a  physiological 
unit.  In  the  two  preceding  chapters  the  foundation  has  been  laid  for 
a  consideration  of  the  cell  from  this  point  of  view. 

1.  THE  PLASMA  MEMBRANE 

As  already  emphasized  the  plasma  membrane  must  be  clearly  dis¬ 
tinguished  from  the  cell  wall  which  usually  surrounds  the  cell  in  plants, 
from  the  pellicle  often  found  surrounding  single-celled  animals,  from 
the  cuticle  frequently  found  on  the  outer  surface  of  the  epithelial  cells 
covering  plants  and  animals,  and  from  the  more  extensive  extra-proto¬ 
plasmic  structures  found  in  bone,  cartilage,  and  the  skeletons  of  inverte¬ 
brates.  These  are  all  formed  outside  the  protoplasm  as  nonliving  mem¬ 
branes  and  later  become  coagulated  or  precipitated  to  form  the  specific 
structures.  The  plasma  membrane  is  also  to  be  distinguished  from  differ¬ 
entiations  within  the  cytoplasm,  such  as  the  ectoplasm  of  amoeba. 

The  discussions  of  surface  action  and  membranes  applied  to  inorganic 
systems  in  Chap.  6  may  now  be  applied  to  the  plasma  membrane,  which 
may  be  regarded  as  a  differentially  permeable  membrane.  By  its  per¬ 
meability  the  plasma  membrane  determines  what  goes  into  and  what 
comes  out  of  the  cell.  Nevertheless  it  does  not  seem  necessary  to  assume 
other  than  physical  and  chemical  principles  to  explain  its  selectivity. 

There  is  much  evidence  to  show  that  the  plasma  membrane  contains 
proteins  and  either  fats  or  fattylike  substances  called  lipoids.  Evidence 
of  the  latter  is  found  in  two  observations :  first,  cells  exposed  to  a  sufficient 
concentration  of  ether,  which  dissolves  fats,  disintegrate;  second,  sub¬ 
stances  which  dissolve  in  fats  readily  enter  cells.  Proteins  have  been 
shown  to  be  present  in  the  plasma  membrane  of  the  red  blood  cell  by 
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the  following  method:  As  stated  previously,  the  red  cells  burst  when 
pure  water  is  added  to  the  blood  plasma.  When  this  is  done  the  broken 
membranes  can  be  separated  from  the  protoplasm  of  the  cells  and  the 
plasma  of  the  blood  by  centrifuging  and  can  then  be  submitted  to  direct 
chemical  analysis  for  proteins. 

Recently  there  has  been  developed  a  technique  for  studying  the  films 
which  are  formed  when  minute  quantities  of  certain  substances  spread 
out  on  a  water  surface.  If  a  minute  quantity  of  a  fatty  acid  such  as 
stearic  acid  is  added  to  pure  water  in  a  vessel,  the  stearic  acid  spreads 
out,  forming  a  thin  film  on  the  water.  If  the  amount  of  stearic  acid  added 
is  not  too  great,  the  film  will  be  only  one  m.olecule  in  thickness  and  is 
then  called  a  monomolecular  film.  It  will  be  remembered  that  the 
stearic  acid  molecule  (Fig.  6:1 1)  consists  of  a  long  chain  of  carbon  atoms, 
with  attached  hydrogen  atoms,  and  at  one  end  a  carboxyl  group, 
O 

II 

C — OH.  When  the  stearic  acid  molecules  form  a  monomolecular  film 
on  the  water  the  carboxyl  group  which  is  hydrophylic  tends  to  hang 

H 

I 

down  in  the  water,  while  the  other  end,  H — C,  is  on  the  outer  surface, 

I 

H 

exhibiting  hydrophobic  properties.  If  not  enough  stearic  acid  has  been 
added  to  make  a  film  completely  covering  the  surface,  the  molecules  of 
stearic  acid  will  lie  out  on  the  surface  with  their  axes  at  an  angle  to  the 
surface  of  the  water.  If,  however,  more  stearic  acid  has  been  added,  the 
molecules  will  be  pressed  together  and  placed  so  that  their  axes  are  per¬ 
pendicular  to  the  surface  (Fig.  7:1).  This  monomolecular  film,  although 
it  is  only  one  molecule  thick,  has  three  definite  regions,  an  outer  region 
at  the  outer  surface  formed  by  the  CH3  ends  of  the  molecule,  an  inter¬ 
mediate  region  consisting  of  the  CH2  part  of  the  molecule,  and  an  inner 

O 

II 

region  formed  by  the  carboxyl  groups  C — OH.  In  the  outer  region  the 
ends  of  the  molecules  arc  forced  together  by  the  surface  tension  and 
form  a  smooth  surface.  The  intermediate  region  containing  the  flexible 
chains  of  carbon  atoms  behaves  .somewhat  like  a  liquid.  In  the  inner 
region  the  carboxyl  groups  hang  down  into  the  water  and  arc  free  to 
move  parallel  to  its  surface. 

Monomolecular  films  can  also  be  made  with  proteins,  but  the  results 
are  somewhat  different.  There  is  considerable  evidence  that  the  highly 
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complex  protein  molecule,  when  in  ordinary  solution,  has  a  globular 
form  (approximately  250  to  300  tu/jl  in  diameter).  When  such  molecules 
form  a  monomolecular  film  they  become  changed  in  shape  so  that  they 
are  only  a  third  to  a  quarter  as  thick.  Also  when  a  protein  such  as  egg 
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Fig.  7:1  Diagram  to  illustrate  the  structure  of  a  monomolecular  film.  Such  a  film  may 
be  formed  by  dropping  a  very  small  quantity  of  stearic  acid  (see  I  ’ig,  6:11)  on  pure  water. 
The  molecules  of  stearic  acid  then  tend  to  orient  themselves  so  that  the  carboxyl  ends 
O 


G — HO  are  down  in  the  water  while  the  other  ends  are  at  the  surface.  W'hen  there  is  not 
enough  stearic  acid  present  to  make  a  compact  film  the  molecules  may  be  somewhat 
irregularly  oriented.  When  more  stearic  acid,  but  not  enough  to  make  a  double  film, 
is  present  the  molecules  arrange  themselves  at  right  angles  to  the  surface  and  parallel 
to  each  other. 


albumin,  which  is  soluble  in  water,  is  used  to  form  a  protein  monomolec¬ 
ular  film,  the  film  behaves  as  if  it  were  no  longer  soluble  but  rather  a 
semisolid  coagulum.  The  protein  seems  to  be  altered.  The  change  is 
perhaps  to  be  explained  by  assuming  that  hydrophobic  groups  in  the 
protein  molecule  are  buried  in  the  interior  in  the  ordinary  soluble  form 
but  with  the  change  in  shape  when  the  film  is  formed,  these  groups  are 
brought  to  the  surface  of  the  molecule  and  the  surface  of  the  film. 

Water  passes  easily  through  the  plasma  membrane.  Gases  such  as 
oxygen  and  carbon  dioxide  do  not  pass  through  the  plasma  membrane 
as  pure  gases  but  readily  pass  through  it  in  solution  in  water  by  diffusion. 
In  general,  neutral  molecules  pass  more  readily  than  charged  ions,  and 
of  the  latter,  positive  ions  such  as  those  of  potassium  (K'*')  and  sodium 
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(Na+)  pass  more  rapidly  than  negative  ions  such  as  the  chlorine  ion 
(Cl~)  or  the  bicarbonate  ions  (KHCOs"",  NaHCOs"*).  Weak  acids 
which  dissociate  only  slightly  consist  mostly  of  neutral  molecules  and 
like  them  readily  penetrate  the  membrane.  Fat-soluble  substances  have 
already  been  mentioned  as  passing  rapidly  through  the  plasma  mem¬ 
brane.  Molecular  size  would  seem  to  be  of  secondary  importance  up  to 
a  certain  point,  but  the  large  molecules  of  polysaccharides,  fats,  and 
proteins,  at  least  in  most  cases,  seem  to  be  unable  to  pass  through. 

The  observations  seem  to  be  explained  if  the  membrane  is  a  mixture 
of  fat  and  protein  molecules  arranged  in  the  form  of  a  mosaic,  fat  and 
protein  molecules  alternating,  and  the  protein  molecules  carrying  neg¬ 
ative  charges  of  electricity.  The  fat-soluble  materials  pass  through  the 
regions  bounded  by  fat  molecules.  The  other  undissociated  molecules 
and  the  positive  ions  pass  through  the  spaces  between  the  protein  mol¬ 
ecules.  Negative  ions  are  repelled  by  the  negatively  charged  protein 
molecules.  The  molecules  of  polysaccharides,  fats,  and  proteins  arc  un¬ 
able  to  pass  between  the  protein  molecules  because  of  their  size. 

2.  THE  FINER  STRUCTURE  OF  PROTOPLASM 

Since  protoplasm  may  properly  be  called  the  physical  basis  of  life 
there  is  great  interest  in  its  finer  structure  -  in  the  arrain^ement  of  the 
molecules  and  groups  of  molecules  of  which  it  is  composed.  For  in  this 
finer  structure  quite  as  much  as  in  its  chemical  c()m})osition  must  be 
sought  the  explanation  of  its  many  and  various  activiti<'s.  T  he  problem 
may  be  approached  from  two  Cjuite  dilli'rent  points  of  view. 

l^y  using  the  various  methods  of  obtainini^  magnified  images  of  small 
objects  such  as  the  highc'st  powers  of  tlu'  ordinary  compound  microscope, 
the  ultravioh't  micros('oj)e,  and  th('  electron  microscope',  together  with 
data  to  be  obtained  with  X  rays,  the'  attempt  may  be  made'  to  obtain  a 
graj^hic  rej:)resenlation  of  the  structure. 

Many  difhcullie's  are'  encounte're'd  in  trying  te)  obtain  by  ojMical 
methods  a  clear  rejirese'iitation  in  thre'C'  dime'iisions  of  the'  liiu'r  structure 
of  jirotoplasm.  One'  such  dilliculty  arise-s  from  the'  l.iet  that  the'  cytoplasm 
is  continually  changing  so  that  its  a jipe'arane  e'  and  jire'sumably  to  some 
exte'iit  the'  arrange'ine'nt  of  the'  mate'rials  e)l  whie'h  it  is  com|iose'd  \’ary 
with  the-  conditions  unde'r  which  it  is  eibse'rxe'd.  1  le'iice'  obse'rvations  on 
de-ael  protojilasm  are'  of  ve-ry  e|ue'stie)n,il)le'  value'.  .\  se'ceaul  dillicultv  is 
due'  te)  the'  fact  that  with  the'  te'e'hnie pie's  name'd,  the'  structure'  is  vie'wc'cl 
freim  one'  peiint  and  in  e)ne'  plane*  e)nly,  at  an\’  eine*  time'.  As  .i  re'sult  eil 
the'se'  elillie’ultie's  the'ie'  has  be'e'ii  elisai'i'e'e'me'nt  as  te)  the'  inte'i  jire'tat ion  e)f 
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the  observations,  and  a  number  of  difTcrent  theories  of  the  structure 
of  protoplasm  have  been  advocated. 

Three  theories  are  generally  recognized  at  the  present  time:  the  gran¬ 
ular  theory,  the  alveolar  theory,  and  the  fibrillar  theory.  Lach  of  these 
theories  presupposes  two  types  of  material,  one  liquid,  the  other  solid 
or  semisolid.  The  theories  differ  chiefly  in  the  form  assigned  to  the  solid 
or  semisolid  material.  According  to  the  granular  theory  the  solid  or 
semisolid  material  consists  of  minute  granules  suspe-nded  in  the  liquid 
material.  According  to  the  alveolar  theory,  the  semi.solid  is  s|Kjngclike 
and  the  numerous  minute  spaces,  called  alveoli,  which  corresjxjnd  to 
the  pores  of  the  sponge,  arc  filled  with  the  licjuid  material.  According 
to  the  fibrillar  theory  the  solid  or  semi.solid  material  takes  the  form  of 
fine  threads,  called  fibrillae,  wliich  form  a  network  extending  throughout 
the  liquid  portion.  It  is  possible  that  all  three  ly|H*s  of  structure  exist  in 
protoplasm,  depending  on  the  conditions  under  which  the  protoplasm 
happens  to  be  and  the  function  or  functions  which  it  is  performing.  It 
may  also  be  that  all  of  these  theories  are  too  .schematic,  that  the  actual 
structure  of  protoplasm  is  more  complicated,  and  that  a  third  substance 
determines  the  type  of  structure  assumed  at  a  particular  time  or  under  a 
particular  set  of  conditions. 

Protoplasm  possesses  some  of  the  properties  of  colloidal  systems.  How¬ 
ever,  colloidal  systems  as  they  occur  outside  of  organism.s  lack  many  of 
the  properties  of  living  protoplasm.  Under  certain  conditions  proto¬ 
plasm  behaves  as  an  elastic  gel,  i.e.,  a  gel  which,  within  limits,  returns 
to  its  original  shape  when  deformed.  I'he  investigation  of  nonliving 
elastic  gels  has  shown  that  the  structural  units  of  elastic  gels  arc  fillers, 
possibly  elongated  and  interlocking  molecules.  Ob.ser\'ation.s  on  the 
structure  of  the  cell  wall  and  other  nonliving  products  of  protoplasm 
indicate  a  fibrous  structure.  These  facts  favor  the  fibrillar  hyp)othesis. 
However,  the  fibrillae  may  be  of  many  diflerent  types  and  tho.se  seen  in 
fixed  preparations  may  represent  the  result  of  the  coagulation  and  aggre¬ 
gation  of  numerous  submicroscopic  fibrils,  possibly  each  consisting  of  a 
large  linear  organic  molecule. 

The  other  approach  is  to  attempt  to  build  up  from  known  or  deter¬ 
minable  facts  and  principles  of  organic  chemistry  a  theoretical  structure 
which  could  carry  on  the  activities  of  protoplasm,  and  then  to  test  for 
the  existence  of  this  structure  by  experiment  and  obser\'ation.  In  this 
discussion  we  are  chiefly  concerned  with  proteins  since  it  would  seem 
that  they  play  the  most  important  part  in  determining  the  structure  of 
protoplasm.  Recent  work  seems  to  show  that  protein  molecules  occur 
in  two  forms:  a  fibrous  form  present  in  the  fibers  of  wool  and  silk,  the 
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fibers  of  connective  tissue,  and  perhaps  the  fibrils  of  muscle;  and  a 
globular  form  exemplified  by  egg  albumin.  In  either  case  there  is  a 
“backbone”  of  carbon,  nitrogen,  hydrogen,  and  oxygen  atoms  to  which 
the  amino  acids  are  united  by  peptide  linkages  to  form  side  chains. 
The  properties  of  the  different  proteins  are  dependent  on  their  side  chains. 
In  the  case  of  a  fibrous  molecule  the  “backbone”  is  extended  and  forms 
the  axis  of  the  molecule.  Connectives  between  their  side  chains  cause  the 
individual  molecules  to  become  united  into  fibers.  In  the  case  of  globular 
proteins  the  “backbone”  is  folded  upon  itself  repeatedly  to  form  a  com¬ 
pact  mass  in  which  some  of  the  side  chains  are  in  the  interior  and  some 
on  the  outside.  Under  certain  conditions  it  appears  that  a  protein  with 
globular  molecules  may  be  changed  into  one  of  the  fibrous  t\'pe. 

Although  we  are  far  from  a  complete  theorv'  of  how  proteins  bring 
about  the  vital  activities  of  protoplasm  it  appears  evident  that  their 
structure  offers  almost  infinite  possibilities  for  complexity  and  variety  and 
that  they  could  therefore  form  the  basis  of  a  vers'  complex  chemical 
mechanism. 

3.  ENZYMES 

In  living  cells  chemical  changes  occur  with  very  little  change  in  tem¬ 
perature  and  with  the  reacting  substances  in  moderate  concentrations  in 
water.  In  most  ca.ses  to  bring  about  the  same  changes  in  the  lalx)ratory 
with  the  .same  substances  i.solated  from  cells  high  temperatures  and 
powerful  agents  are  re(|uired.  We  now  know  tliat  the  chemical  changes 
in  living  cells  are  made  possible  by  the  presenc  e  of  substances  called 
enzymes.  I  he  word  “en/.yme”  comes  from  a  (heck  root  referring  to 
fermentation  and  its  u.se  as  a  general  term  is  due  to  the  fact  that  one  of 
the  first  of  lhe.se  agents  to  Ix'  discovered  and  invc'stigated  was  the  one 
which  occurs  in  yeast  and  brings  alxnit  the  ferment.uion  ol  sugar  to 
alcohol.  This  was  at  first  thought  to  be  a  single  enzyme'  and  called 
zymase.  It  is  now  known  th.it  .it  le.ist  six  or  seven  .md  perhaps  more 
.separate  en/.ymc'S  are  concernc'd  in  th<'  fi'rmentation. 

Knzymes  h.ive  been  c.ille«l  org.mic  c.it.ilysts.  I  hc'ir  action  in  promoting 
reactions  lietween  organic  subst.mces  is  very  simil.ir  to  the  action  ol 
inorg.'inic  catalysis  referrc'd  to  in  the'  pn'vious  chaj)ter.  l.nzvmes  act  onlv 
in  w.iter  on  subst.inces  di.ssolvc'tl  or  ■  uspended  in  w.iter  .md,  in  gener.il. 
only  under  ('ondilions  simil.ii  to  those  which  exist  in  org.misms  (see 
below).  .Some  ('iizvines  h.ivc'  Ix'en  isolatc'd  in  crvsi.illine  form.  \  he  m.iin 
fe.'itures  of  enzymes  m.iv  be  summ.irized  .is  lollows; 

1.  ^alzymes  increase  the  \-eloci(\  <if(  hemic, il  re. u  lions  without  them- 
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selves  being  used  up  in  the  process  and  without  providing  the  energy  for 
the  reaction. 

2.  So  far  as  is  known,  enzymes  arc  produced  only  by  living  cells.  They 
are  probably  cell  proteins  and  as  such  lx?havc  as  colloids. 

3.  Some  enzymes,  such  as  zymase  referred  to  alxjve,  are  active  in 
living  cells,  while  others,  including  those  of  the  digestive  juices,  are  nor¬ 
mally  passed  out  of  the  cells  in  which  they  arc  formed  and  produce  their 
effects  outside.  Even  when  an  enzyme  acts  only  within  a  cell  and  asso¬ 
ciated  with  living  protoplasm,  the  ev'idcncc  shows  that  it  should  lx: 
regarded  as  a  separate  substance  and  not  as  a  part  of  the  living  material. 

4.  Enzymes  are  sensitive  to  temperature,  being  destroyed  by  tem¬ 
peratures  over  100°,  and  they  arc  active  usually  only  within  a  compara¬ 
tively  small  temperature  range.  I  hcy  arc  also  sensitive  to  the  hydro- 
nium  or  hydroxyl  ion  concentration,  which  must  be  within  certain  values 
which  are  different  for  different  enzymes. 

5.  The  action  of  enzymes  is  specific,  i.c.,  any  one  enzyme  furthers 
only  one  or  at  most  a  few  similar  reactions.  I'hc  action  of  the  enzyme 
is  also  reversible,  i.e.,  may  take  place  in  either  direction,  and  the  direc¬ 
tion  depends  on  the  concentrations  of  the  reacting  substances. 

4.  CELL  METABOLISM 

Metabolism  has  already  been  defined  as  the  chemical  changes  which 
occur  in  an  organism.  Although  not  all  of  the  chemical  changes  which 
occur  in  organisms  occur  within  their  cells,  the  cell  is  undoubtedly  the 
most  important  seat  of  chemical  activity  in  the  organism.  T  his  chemical 
activity  is  not  to  be  thought  of  as  consisting  of  random  reactions  but 
rather  as  conforming  to  a  system  or  chemical  mechanism  largely  acti¬ 
vated  by  enzymes  and  determined  by  the  already  existing  structure  of 
the  protoplasm  and  the  arrangement  and  quantities  of  raw  materials 
which  it  contains.  There  are  the  building-up  processes  which  arc  grouped 
under  anabolism  and  the  breaking-down  processes  grouped  under  ka- 
tabolism,  the  latter  in  many  cases  associated  with  or  involving  respira¬ 
tion. 

A.  ANABOLISM 

Anabolism  in  green  plants  differs  from  that  in  animals  and  nongreen 
plants,  since  green  plants  use  inorganic  raw  materials  for  the  synthesis 
of  their  food  substances  while  animals  and  most  nongreen  plants  are 
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dependent  on  green  plants  for  their  food  materials.  It  will  be  most  con¬ 
venient  to  begin  with  the  anabolism  of  the  green  plant. 

(1)  ANABOLISM  OF  THE  GREEN  PLANT 

The  first  steps  in  this  process  have  already  been  referred  to  in  discuss¬ 
ing  photosynthesis  in  Spirogyra.  We  are  now  prepared  to  discuss 
photosynthesis  in  more  detail  from  the  chemical  point  of  view.  The  be¬ 
ginning  and  end  of  the  photosynthetic  process  may  be  represented  by 
the  formula  (Fig.  7:2).  This  formula  records  the  following  facts  regard- 

nCOg  "F  nHgO  +  Light  energy 

Fig.  7:2  Formula  illustrating  photos>'nthesis.  Light  encrg\’  is  absorbed  in  the  process. 

ing  photo.synthesis:  {a)  Equal  numlxrrs  of  carbon  dioxide  and  water 
molecules  are  used  up  in  the  process,  {b)  The  process  occurs  only  in  the 
presence  of  light,  ic)  The  number  of  oxygen  molecules  given  off  is  equal 
to  the  number  of  carbon  dioxide  molecules  used  up.  When,  in  the  above 
formula,  n  is  made  equal  to  unity  the  product  on  the  right  is  formalde- 
M 

I 

hyde,  IhClO  or  H  -  Cl=0.  It  is  thought  that  the  formation  ol  formal¬ 
dehyde  may  be  tlie  first  step  in  photosynthesis.  However,  satisfactorv 
proof  of  this  is  lacking.  Objections  to  the  formaldehyde  theoiw  are: 
{a)  Formaldehyde  is  known  to  be  poisonous  to  plant  cells  even  in  verv 
great  dilutions,  (b)  Formaldehyde  has  not  been  found  in  recognizable 
C|uantities  in  plants.  These  two  objections  may  be  met  by  assuming  that 
the  formaldehyde  as  formed  is  immediately  changed  to  sugar.  The 
change  from  formaldehyde  to  sugar  may  l)e  represented  as  in  I'ig.  7:3. 

6  HCHO  — ^  C6H,2  06 

Formald«hyd«  Clucot* 

Fig.  7:3  Polyinrriz.ition.  In  thr  formation  of  gliirrwr  by  tlu5  method  »ix  molrculr.^  of 
formalflrhydr  combinr. 

I'his  process  is  one  which  can  be  carried  out  in  the  lal)or.itorv  outside 
of  the  cell  and  is  an  example  of  polymerization,  a  gener.d  term  applied 
to  a  reaction  in  which  molecules  of  a  single  substance  are  coml)ineil  or 
condensed  into  a  single  molecule. 

No  theory  of  photosynthe.sis  ( .m  be  regarded  as  satisfactoi  v  until  it 
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can  be  put  to  the  test  of  experiment  and  carried  through  under  controlled 
conditions  in  the  laboratory.  I'hat  this  has  not  yet  been  done  is  probably 
due  to  a  feature  which  is  common  to  most  chemical  processes  carried  on 
in  cells,  viz.,  that  they  do  not  consist  of  a  single  reaction  but  of  a  series  of 
reactions  which  follow  closely  upon  each  othei ,  the  various  steps  occur¬ 
ring  on  a  molecular  scale.  So  far  it  has  not  been  found  possible  to  imitate 
such  conditions  in  glass  vessels  in  the  laboratory. 

Photosynthesis  is  the  most  fundamental  of  all  anabolic  processes.  It  is 
practically  the  only  method  by  which  energy’  from  the  external  environ¬ 
ment  can  be  converted  into  potential  chemical  energy^  in  the  cell.*  I'he 
energy  for  all  other  v’ital  processes  is  obtained,  in  practically  every’  case, 
by  the  oxidation  of  the  glucose  or  some  other  monosaccharide  formed  in 
photosynthesis,  or  the  oxidation  of  materials  built  up  by  means  of  energy 
obtained  from  the  oxidation  of  such  monosaccharides.  I'hus  when  two 
molecules  of  glucose  are  synthesized  to  form  a  molecule  of  maltose  with 
the  liberation  of  a  molecule  of  water  (Chap.  6,  .\rt.  1)  the  small  amount 
of  energy  required  must  come  from  the  oxidation  of  glucose.  Also  when 
starch  is  formed  by  the  synthesis  of  disaccharides  the  energy’  comes  from 
a  similar  source.  All  of  the  various  steps  indicated  in  the  synthesis  of 
carbohydrates  including  photosynthesis  in  plants  require  enzymes.  'Fhcy 
require  a  particular  combination  of  specific  enzymes.  Photosynthesis  may 
also  be  regarded  as  the  method  by  which  carlx)n  is  made  available  for 
use  in  organisms. 

Fats  and  fatty  acids  arc  formed  from  glucose.  The  process  is  somewhat 
complicated.  A  large  number  of  steps  and  corresponding  enzymes  are 
involved.  The  chemical  reactions  which  apparently  occur  include  poly¬ 
merization  and  dehydration  (loss  of  water  molecules  with  or  without 
further  synthesis). 

For  the  synthesis  of  proteins  nitrogen  is  necessary.  Plants  arc  the  only 
organisms  which  can  utilize  inorganic  nitrogen.  Certain  bacteria  are 
able  to  utilize  the  nitrogen  of  the  atmosphere  and  transform  it  into 
nitrates  or  nitrites.  These  bacteria  will  be  discussed  later  in  the  chapter 
on  bacteriology.  All  other  plants  must  obtain  their  nitrogen  either  from 
these  bacteria  or  from  the  soil  in  the  form  of  nitrates  or  ammonia.  The 
nitrates  and  ammonia  reach  the  soil  largely  as  the  result  of  the  decay  or 
breakdown  of  protein  material  from  plants  and  animals.  There  is  thus  a 
nitrogen  cycle  (see  Chap.  9).  The  raw  materials  for  the  synthesis  of 
proteins  in  green  plants  are  glucose,  which  provides  the  carbon,  hydro- 

^  There  are  certain  bacteria  which  obtain  energy  for  the  synthesis  of  food  materials  from  the 
oxidation  of  inorganic  materials,  a  process  which  has  been  called  chemosymthesis;  but  thc^ 
do  not  appear  to  occupy  a  significant  place  in  the  food  cycle  being  described. 
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gen,  and  oxygen,  and  inorganic  ions,  including  ammonium,  nitrate, 
phosphate,  and  sulphate  ions  (see  Chap.  5). 

(2)  ANABOLISM  IN  ANIMALS  AND  NONGREEN  PLANTS 

All  of  the  raw  materials  used  by  the  cell  must  pass  into  it  through  the 
plasma  membrane.  Hence  to  be  used  by  animals  and  nongreen  plants 
the  carbohydrates,  fats,  and  proteins  manufactured  by  green  plants  must 
be  reduced  to  soluble  substances.  This  means  that  the  starches  must  be 
reduced  to  simple  sugars,  usually  monosaccharides,  the  fats  to  fatu* 
acids  and  glycerine,  and  the  proteins  to  amino  acids.  After  passing 
through  the  plasma  membrane  these  materials  are  then  resynthesized 
in  the  cell  by  the  protoplasm  and  the  enzymes  contained  in  it  into  the 
specific  carbohydrates,  fats,  and  proteins  peculiar  to  the  particular 
cell. 


B.  KATABOLISM 

So  far  as  is  known  katabolism  is  similar  in  plants  and  animals  except¬ 
ing  that  in  general  it  is  more  prominent  in  animals  Ix'cause  of  their 
greater  activity.  Katabolic  processes,  like  analx)lie  processes,  are  usually 
activated  by  enzymes.  Katabolism  is  usually  closely  linked  to  respira¬ 
tion.  But  this  is  not  always  so,  as  for  example  in  the  contraction  of 
a  muscle,  where  the  first  burst  of  energy*  which  causes  the  contrac¬ 
tion  is  due  to  an  organic  decomposition  which  does  not  require  oxygen. 
The  katabolism  of  carbohydrates  usually  involves  hydrolyses  and 
oxidations.  The  end  products  of  the  .series  of  re,ictions  are  carbon 
dioxide  and  water.  Fats  also  are  broken  down  to  yield  (Miergv’.  Here  al.so 
hydrolysis  plays  an  im|K)rtant  role  and  the  end  j)r(Kluets  are  carl)on 
dioxide  and  water.  Oxygen  is  re(|uir('d  for  these*  reactions  and  they  occur 
only  in  conjunction  with  respiration. 

Fhe  actual  breaking  down  of  proteins  probably  occurs  only  as  the 
result  of  wear  and  tear  of  protoplasm  or  when  /i  part  ot  ,i  cell  or  an  entire 
cell  is  rcjdaced  in  the  developme'nt  of  an  org.mism.  I’roteins  bre.ik  down 
into  amino  acids.  However,  not  much  energy  is  yielded  by  the  re.ictions 
which  arc  mainly  hydroly.ses.  On  the*  other  hand,  the  katalx^lism  ol 
amino  acids  yields  energy,  which  is  almost  ec|u.il  in  amount  per  gram 
weight  of  amino  acid  to  the  energy  yieliled  by  the  same  weight  ol  carbo¬ 
hydrates.  ITie  deaminization  of  amino  acids  by  which  they  are  decom- 
j)osed  into  ammonia,  NII4,  ,md  a  simpler  organic  acid  is  illustrateil  in 
Oha[j.  6.  This  is  al.so  an  oxidation  and  is  dejieiKlcnt  on  respiration.  1  he 
ammonia  is  excreted  as  urea,  ( i(  )(NI  1?)^. 
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5.  FUNCTIONS  OF  THE  NUCLEUS 

The  problem  of  the  function  or  functions  of  the  nucleus  lias  been 
attacked  by  two  methods,  one  observational,  the  other  experimental. 

The  description  of  mitotic  division  must  have  made  it  clear  that  the 
nucleus  plays  an  important  role  in  cell  division.  1  he  study  of  heredity 
and  the  behavior  of  the  chromosomes  in  the  germ  cells  makes  it  clear 
the  nucleus  is  the  main,  if  not  the  only,  part  of  the  cell  concerned  with 
the  transmission  of  hereditary  characters.  l  or  information  regarding  I 
the  relation  of  the  nucleus  to  the  general  activity  and  metaboli.sin  of  the 
cell,  resource  is  had  to  experiments  in  which  the  cell  is  divided  into  two 
portions,  one  of  which  is  without  a  nucleus,  while  the  other  contains  the 
nucleus  of  the  cell.  The  experiment  can  be  performed  without  great 
difficulty  on  an  amoeba  using  a  fine  gla.ss  needle  and  a  micromanipu¬ 
lator.  A  plasma  membrane  forms  over  the  cut  surface  of  each  portion 
and  each  part  will  continue  to  show  amoeboid  movement.  Indeed  the 
enucleate  part  may  not  only  move  but  also  respire  and  respond  to 
stimuli  —  all  of  which  may  be  regarded  as  kalabolic  activities.  The 
enucleate  part  is,  however,  incapal^le  ol  growth  or  the  regeneration  of  a 
new  nucleus.  There  is  much  to  support  the  thesis  that  the  nucleus  is  the 
seat  of  the  formation  of  many  enzymes  which  pass  through  the  nuclear 
membrane  and  activate  reactions  in  the  cytoplasm.  In  this  way  it  may 
be  said  to  control  the  activities  of  the  cell. 

6.  CHEMICAL  CYCLES 

The  chemical  elements  which  enter  into  the  composition  of  organisms 
may  be  regarded  as  passing  through  cycles  in  one  phase  of  which  they 
are  incorporated  in  the  bodies  of  various  organisms  and  in  another  pha.se 
of  which  they  form  a  part  of  the  lifeless  matter  of  the  earth.  .A  good  ex¬ 
ample  is  provided  by  carbon. 

The  wanderings,  unions,  and  separations  of  a  carbon  atom  would  make 
a  fascinating  story.  In  the  diagram  (Fig.  7:4)  these  wanderings  are  repre¬ 
sented  as  occurring  in  a  cycle  although  in  most  cases  the  path  of  an  in¬ 
dividual  carbon  atom  is  long  and  devious.  Let  us  for  the  moment 
disregard  time  and  space  and  follow  an  atom  of  carbon  round  the  cycle. 
Starting  in  the  atmosphere  as  part  of  a  molecule  of  COj,  it  some  time  or 
other  will  encounter  a  green  plant  and  enter  one  of  its  green  cells,  where 
it  will  be  swept  up  by  a  chloroplast  and  put  through  the  process  of  photo¬ 
synthesis,  emerging  as  one  of  the  atoms  of  a  sugar  molecule.  The  carbon 
atom  of  the  sugar  molecule  may  be  stored  away  in  a  starch  granule,  to 
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be  later  converted  back  into  sugar,  or  participate  in  the  formation  of  new 
protoplasm,  or  enter  into  the  composition  of  a  molecule  of  cellulose  to  be 
built  into  a  cell  wall.  In  the  protoplasm  it  may  take  part  in  respiration 
and  be  returned  to  the  atmosphere  again  as  CO2. 


Fig.  7:4  Diagram  of  tiv  rarlx)n  cyrl<*. 


If  the  plant  is  eaten  by  an  animal,  the  |)lant  tissues  will  be  digested 
and  the  carbon  atom  absorbed  and  assimilated  into  the  body  of  the 
animal.  I’rom  here  the  persistent  little  carbon  atom  may  go  on  many 
and  exciting  journeys  which  end  either  in  the  atmosphere  through  res¬ 
piration  or  in  the  dead  body  of  some  animal  or  })lant.  If  the  dead  body 
of  the  plant  or  animal  decays,  the  carbon  atom  may  become  involved 
in  the  process  and  return  to  the  atmosjdiere  in  a  molecule  of  carlK)n 
dioxide.  If  the  plant  or  animal  becomes  buried  in  .i  peat  bog,  the  carlxin 
atom  may  become  an  atom  of  coal.  W  hen  the  coal  is  burned,  the  car¬ 
bon  atom  is  again  returned  to  the  atmosph(‘r(\ 

Most  of  the  ('arl)on  which  occurs  on  the  (Mi  th's  surf.ic'c  or  in  the  rocks 
of  its  crust  has  Ixmmi  at  oih'  time  or  .inotlu'r  a  part  of  some  org.mism  and 
some  of  it  has  pass('d  in  suc  cession  through  m.my  org.misms.  ( ’.o.il  and 
gra|)hi(e,  which  arc'  nc'arly  j)urc'  carbon,  arc*  the  rein. tins  of  .mc  ient 
forc'sts.  'I’hc'  c'alc'ium  carbon.itc'  of  limestone's  and  marble'  onc  e'  formed 
shf'lls  and  bones.  (  )lhc'r  elc'inc'nts,  suc  h  as  nitrogen  .mcl  oxvgc'n.  which 
arc'  c'onlaiiH'd  in  protojil.ism  may  .ilso  bc'  said  to  h.ivc'  c'yc  lc's,  some  of 
whic'h  will  !)('  c onsidc'i  c'd  in  l.ilc'i'  sc'ctions. 
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Topical  Outline  of  Chapter  7 

1.  The  plasma  membrane 

2.  The  finer  structure  of  protoplasm 

3.  Enzymes 

4.  Cell  metabolism 
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A.  Anabolism 

(1)  Anabolism  of  the  green  plant 

(2)  Anabolism  in  animals  and  nongreen  plants 


B.  Katabolism 

5.  Functions  of  the  nucleus 

6.  Chemical  cycles 


Questions 

1.  Can  you  imagine  a  cell  without  a  cell  membrane?  Give  reasons  for  your 
answer. 

2.  Try  to  picture  in  your  mind  the  structure  of  protoplasm.  W  hy  is  living 
material  not  (a)  solid,  (b)  gaseous? 

3.  Why  would  you  expect  to  find  the  most  complicated  chemical  elements  in 
protoplasm? 

4.  How  does  an  enzyme  differ  from  an  inorganic  catalyst? 

5.  What  is  the  original  source  of  the  encrg>'  for  vital  proce.sses? 

6.  To  what  extent  can  photosynthesis  l)c  carried  out  in  the  lal)oratory  outside  of 
the  living  cell? 

7.  Can  a  fat  or  a  protein  be  utilized  directly  as  such  fjy  a  cell?  Explain  your 
answer. 

8.  State  the  functions  of  the  nucleus,  giving  the  experimental  evidence  for 
each  function. 

Suggestions  for  Further  Reading 

Amberron,  William  R.,  and  Dietrich  C.  Smith,  Outline  of  Physiology,  F.  S.  Crofts 
&  Co.,  New  York,  1939.  Chaps.  2-5.  An  interesting  elementary  discussion 
of  the  living  cell. 


Heilbrunn,  L.  V.,  An  Outline  of  General  Physiology,  W.  B.  Saunders  Company, 
Philadelphia,  1945.  Chaps.  10-22. 


PART  II.  Plant  Life 


“The  green  plant  is  the  laboratory  in  which  is  manufactured  food  that 
supports  practically  all  the  higher  terrestrial  forms  of  animal  life.” 

S.  J.  Holmes 


CHAPTER  8 


The  Thallus  Plants  (Phylum  Thallophyto^ 
Exclusive  of  the  Bacteria) 


This  chapter  will  be  devoted  to  a  consideration  of  the  Thallophyta, 
the  first  of  the  four  phyla  of  the  plant  kingdom.  As  outlined  in  the  chapter 
on  the  classification  of  plants  the  phylum  Thallophyta  is  divided  into 
the  two  subphyla,  Algae  and  Fungi.  The  bacteria  which  constitute  one 
of  the  classes  of  the  Fungi  (class  Schizomycetcs)  are  reserved  for  a  special 
chapter  (Chap.  9). 

1.  THE  ALGAE 

The  majority  of  the  Algae  are  adapted  to  living  either  in  the  sea, 
where  the  greatest  number  and  variety  of  species  occur,  or  in  fresh  water. 
The  plant  body  consists  of  a  single  cell  or  aggregate  of  cells  showing 
little  if  any  difTcrenliation  into  tis.sucs  and  without  true  roots,  stem,  or 
leaves.  The  subphylum  is  divided  into  four  classes:  Cyanophyceae  or 
blue-green  algae,  Chlorophyccae  or  green  algae,  Phaeophyceae  or  brown 
algae,  and  Rhodophyceae  or  red  algae. 

A.  THE  BLUE-GREEN  ALGAE  (CLASS  CYANOPHYCEAE) 

The  algae  of  this  cla.ss  arc  widely  distributed  in  both  fresh  and  salt 
water.  At  times  they  occur  abundantly  in  lakes  and  reservoirs  and  their 
decay  is  one  of  the  common  causes  of  disagreeable  odors  and  tastes  in 
water  su|)plies.  A  salt-water  species  is  partly  responsible  lor  the  color  of 
(he  Red  Sea.  But  the  layman  is  mon'  likely  to  have  seen  them  on  damp 
soil  where  they  often  form  a  thin  dark  layer  on  the  surface  or  on  the 
rocks  or  stones  borckn  ing  a  stream.  Some  species  live  at  remarkably  high 
temperatures,  o(Turring  in  hot  springs  such  as  tho.se  of  ^  ellowslone 
I\'irk.  Although  referred  to  as  blue-gn'en,  their  color  may  be  yellow, 
orange,  pink,  red,  violet,  purple,  brown,  or  black  (lug.  8:1). 
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(1)  OSCILLATORIA 

One  of  the  commonest  filamentous  blue-i^reen  algae  is  Oscillatoria  (P'ig. 
8:1)  which  occurs  on  damp  soil  and  in  temporary'  pools.  At  each  end 
of  the  filament  is  a  hemispherical  cell  which  forms  a  bultonlike  cup. 
The  other  cells  have  the  shape  of  short  cylinders  or  discs.  I'he  outer  cell 
walls  are  covered  with  a  thin  gelatinous  coat.  I  hc  protoplasm  of  each 
cell  is  differentiated  into  a  clear  inner  portion,  the  central  body,  and 


Fig.  8:1  Three  species  of  blue-green  algae  (class  Cyanophyceac).  Redrawn  after  Hol¬ 
man  and  Robbins,  Textbook  oj  General  Botany^  by  permission  of  John  Wiley  &  Sons,  Inc. 

an  outer  portion  which  contains  the  characteristic  pigment.  The  central 
body  stains  with  the  dyes  which  stain  chromatin  but  is  not  surrounded 
by  a  nuclear  membrane  and  is  therefore  not  regarded  as  a  nucleus. 

The  name  of  the  genus  is  due  to  the  waving  or  oscillatory  movements 
which  the  filaments  frequently  show  —  a  movement  the  mechanism  of 
which  is  unknown  and  which  is  not  characteristic  of  the  Cyanophyceac 
as  a  whole. 

The  filaments  grow  in  length  by  transverse  divisions  of  the  cells.  From 
time  to  time  gelatinous  discs  are  formed  between  some  of  the  cells  and 
the  filament  breaks  into  sections,  each  of  which  is  capable  of  continuing 
its  growth.  Sexual  reproduction  is  unknown  in  the  group. 

(2)  THE  BLUE-GREEN  ALGAE  AS  A  GROUP 

The  Cyanophyceac  are  regarded  by  many  botanists  as  a  very  simple 
group  of  plants  related  to  the  bacteria  with  which  they  have  some 
characteristics  in  common,  viz.,  lack  of  a  definite  nucleus,  capacity  of 
some  species  to  “fix”  the  nitrogen  of  the  air  (see  later  under  Bacteria). 
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B.  THE  GREEN  ALGAE  {CLASS  CHLOROPHYCEAE) 

The  green  color  of  these  algae  is  due  to  chlorophyll  and  another  green 
pigment,  both  of  which  are  contained  in  special  bodies  called  chloro- 
plasts.  The  class  is  a  large  one  and  well  illustrates  certain  biological 
principles.  Several  examples  will  be  described.^ 

(1)  ULOTHRIX 

Ulotkrix  is  commonly  found  attached  to  rocks  or  stones  in  cool  streams 
or^ponds  where  the  water  does  not  become  stagnant.  The  plant  body  of 
Ulothrix  consists  of  an  unbranched  filament  resembling  that  of  Spirogyra 
(Fig.  8:2).  The  cells  of  the  filament  are,  however,  shorter  and  the  chloro- 
plast  is  in  the  form  of  a  plate  or  band.  At  one  end  is  an  elongated  cell 
without  chlorophyll  which  forms  a  holdfast  by  which  the  plant  is 
attached. 

Ulothrix  reproduces  ascxually  by  means  of  zoospores  (Fig.  8:2).  Any 
cell  of  the  plant  with  the  exception  of  the  holdfast  cell  may  form  zoo¬ 
spores.  Preliminary  to  the  formation  of  zoospores  the  entire  protoplast 
of  a  cell  shrinks  within  its  cell  wall  and  becomes  rounded.  The  protoplast 
may,  then,  either  develop  directly  into  a  zoospore  by  forming  four  fla¬ 
gella  at  one  end  and  near  them  a  red  eyespot,  or  it  may  first  divide 
while  still  within  its  cell  wall  into  two,  four,  or  as  many  as  eight  smaller 
protO[)lasts  which  then  develop  into  zoospores,  each  w'ith  four  flagella 
and  an  eyespot.  dTie  zoospores  arc  without  cell  walls.  They  swim  out  of 
the  old  cell  through  an  opening  in  the  wall,  .\fter  swimming  about  for 
a  time  they  attach  themselves  to  some  object  by  their  flagellated  ends 
and  develop  intcj  filaments. 

In  sexual  reproduction  the  formation  of  gametes  is  similar  to  the  for¬ 
mation  (;f  zoospores.  The  gametes  are,  however,  smaller  and  there  are 
more  of  th(!m,  sixteen  to  sixty-lour  being  formed  from  a  single  protoplast 
(Fig.  8:2).  Each  has  an  eyespot  like  a  /.(Kxspore,  but  only  two  flagella 
inst(*ad  (jf  four.  The  gametes  lca\'e  the  old  filaiiK'iit  C('ll  by  an  opening 
and  swim  about.  They  ai'e  all  .dike,  there*  l)cing  no  cliflcre'iuiation  into 
jnale  and  female*.  Such  g.imete'S  are*  calle*(l  isogametes.  I  hey  fuse  lo- 
g(*ther  in  jiairs  forming  zygotes  (I’ig.  8:2).  F.ich  zygote*  then  becomes 
surrounde*d  by  a  re'sistant  ('e*ll  wall.  It  is  in  tliis  cemelition  that  the  |ilant 
pa.sse'.s  threiugh  the*  winte*r  e)i-  e)the*r  unf.i\'t)ral)lc  se*ase)n.  W  he*n  a  zygote* 
ge*rminate*,s  it  pre)(lue*e'S  a  nuinbe'r  e)f  ze)e)spe)ie*s,  e*ae'h  eil  whie'h  de*ve*le)|)s 
into  a  ue*w  (ilame*nt  similar  te)  the*  filame*nls  in  whicli  zoeispeircs  anel  the* 
game*lcs  W(*re*  fe)Mue*el. 

*  Sfnroi^rn,  wliicli  Ix'loum  to  (his  i.  drsi  rihrd  in  (  h.ip.  -t. 
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(2)  OEDOGONIUM 

Oedogonium  is  another  unbranched  green  alga  which  occurs  in  frcsli- 
water  ponds,  sometimes  attached  and  sometimes  floating  at  the  surface. 
The  filament,  like  that  of  Ulothrix  and  Spirogyra,  consists  of  cylindrical 
cells  arranged  end  to  end.  Each  cell  when  mature  contains  a  large  cen¬ 
tral  vacuole  which  is  surrounded  by  cytoplasm  containing  a  single 
nucleus  and  an  irregularly  shaped  chloroplast.  7dic  filament  grows  in 


Fig.  8.2  Life  cycle  of  Ulothrix.  On  the  left  a  filament  attached  to  some  stones.  To  the 
right  above,  sexual  reproduction;  below,  asexual  reproduction.  Redrawn  after  .\ltmans. 
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length  by  transverse  division  of  certain  of  its  cells,  not  every  cell  being 
able  to  take  part  in  the  growth. 

Asexual  reproduction  occurs  by  means  of  zoospores.  When  a  zoospore 
is  to  be  produced  the  entire  protoplast  increases  in  size,  and  causes  the 
side  walls  of  the  cell  to  bulge.  The  chloroplast  then  recedes  from  one  end 
of  the  cytoplasm,  making  this  end  colorless.  In  a  circle,  around  the  color- 


Fig.  8:3  Oedogonium.  Sexual  reproduction.  Redrawn  after  Holman  and  Robbins, 
Textbook  oj  General  Botany^  by  permission  of  John  Wiley  &  Sons,  Inc. 

le.ss  end,  a  ring  of  cilia  is  developed.  I  hc  cell  wall  of  the  old  tilamem  cell 
breaks  oj^cn  and  the  ztxjspore,  which  is  without  a  cell  wall,  emerges. 
After  swimming  for  a  time  the  zoospore  comt's  to  rest.  Its  clear  ciliated 
end  develops  into  a  holdfast  and  bectnnes  divided  off  as  a  separate  cell. 
The  rest  of  the  zfxjspore  forms  a  new  Ot'dogomum  filament.  lJuis  the  asex¬ 
ual  reproduction  of  Onlogoriium  is  not  unlike  that  of  llolhnx. 

In  sexual  reproduction  of  Ordogoniurn  the  gametes  are  formed  by 
special  inodifK'd  filament  cells  (  I'Il;.  8:3).  d  he  cells  in  which  the  male 
gametes  are  formed,  called  anthcriclia,  arist'  by  rapid  cell  division  and 
are  miu  h  shorter  than  the  ordin.iry  filament  cells.  I  he  protoplast  within 
each  of  these  cells  either  b('C()mes  transformed  directly  into  a  male 
gamete  or  sperm,  or  di\'ides  giving  rise*  to  two  sperms.  I  he  male  gametes 
are  similar  to  the  /oospoics,  but  sm.ilh'r  in  si/e.  l!.ach  female  gamett'  oi* 
egg  is  foriiK'd  l)y  the  (uil.irgement  of  a  special  filament  cell,  called  an 
oogonnim,  the  protojilasl  of  whic  h  after  being  filled  with  fcxxl  materials 
becomes  spherical.  Fertilization,  the-  union  of  the  sperm  and  egg,  is 
made  possible*  by  a  pore*  in  the*  side  of  the  cc*ll  w.ill  of  the  ocigonium 
through  whic  h  the*  sperm  enters  (I'ig.  8:3).  Gametes  which  tlificr  as  do 
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the  egg  and  sperm  of  Oedogonium  are  said  to  be  hctcrogametes.  As  in 
Ulothrix  the  zygote  of  Oedogonium  develops  a  resistant  cell  wall  in  which 
it  tides  over  unfavorable  conditions.  When  it  germinates  it  forms  by 
division  four  zoospores. 

(3)  THE  DIFFERENTIATION  OF  THE  GAMETES  AND  THE  BEGINNING  OF 
SEX  IN  THE  GREEN  ALGAE 

A  series  of  stages  may  be  obtained  by  arranging  the  plants  studied  in 
the  order  of  the  diflercntiation  of  their  gametes.  In  Vlothrix  the  gametes 
are  exactly  alike  (isogametes)  and  dilTer  from  zoospores  only  in  size  and 
number,  of  flagella.  In  Spirogyra,  while  any  cell  of  a  filament  may  become 
a  gamete,  the  gametes  dilTer  in  their  behavior,  one,  which  may  be 
designated  as  female,  remaining  in  its  own  filament,  the  other  which  v\'c 
may  call  male,  moving  through  the  conjugation  tube  to  the  female 
gamete.  A  high  degree  of  differentiation  is  shown  in  the  gametes  of 
Oedogonium.  In  these  plants  the  egg,  or  female  gamete,  is  large  and  non- 
motile  while  the  sperm,  or  male  gamete,  is  small  and  motile  (hetero¬ 
gametes). 

We  will  see  later  that  the  important  feature  of  .sexual  reproduction 
is  the  union  of  two  nuclei.  Hence,  provided  the  sperm  contains  a  nucleus, 
it  may  have  little  cytoplasm.  When  this  occurs  the  egg  is  usually  large, 
containing  the  cytoplasm  and  food  materials  necessary  for  the  dcv'clop- 
ment  of  the  young  plant.  The  advantage  of  this  differentiation,  leading 
to  the  formation  of  heterogametes,  lies  in  the  fact  that  in  one  gamete, 
the  egg,  the  cytoplasm  may  be  organized  for  the  storage  of  food  materials, 
while  in  the  other  gamete,  the  sperm,  it  may  be  specialized  for  locomotion. 

(4)  PROTOCOCCUS 

Everyone  has  seen  green  areas,  due  to  this  organism,  on  the  bark  of 
trees,  fences,  and  even  pieces  of  stone,  but  not  everyone  realizes  that  the 
green  color  is  due  to  a  small  green  plant,  the  scientific  name  of  which 
is  Protococcus  (Fig.  8:4).  Not  until  a  speck  of  this  thin  layer  is  scraped  off, 
placed  under  the  microscope,  and  examined  carefully  does  this  become 
apparent.  The  green  speck  is  then  found  to  be  composed  of  hundreds  of 
minute  spherical  cells  all  very  much  alike,  adhering  to  form  small, 
irregular  groups.  Each  cell  of  Protococcus  leads  its  own  independent  life 
and  is  in  fact  an  individual  plant.  Protococcus  is  chosen  for  study  because  it 
is  easily  obtainable  and  because,  as  the  green  coloring  on  the  trunks  of 
trees,  it  is  a  familiar  object.  However,  its  habitat,  i.e.,  the  place  and  con¬ 
ditions  of  its  occurrence,  is  somewhat  exceptional  since  most  of  the 
simple  green  plants  live  in  water. 
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Each  cell  of  Frotococcus  is  surrounded  by  a  more  or  less  rigid  cellulose 
cell  wall  which  gives  the  cell  a  fixed  shape.  The  protoplasm  fills  the  in¬ 
terior  of  the  cell.  One  or  occasionally  two  large  chloroplasts  almost  fill 
the  cytoplasm,  leaving  a  clear  region  in  the  center  in  which  the  relatively 
small  nucleus  is  located. 

If  the  cells  from  a  group  of  Frotococcus  are  examined,  it  will  be  found 
that  some  of  them  show  evidence  of  dividing  into  two  equal  portions. 
First  the  nucleus  divides  into  two  nuclei  which  move  apart  from  each 
other,  then  a  new  cell  wall  is  formed  between  the  nuclei  separating  the 


Fig.  8:4  Protncoccus.  a,  plant  growing  on  the  bark  of  .i  trrr;  b  and  singlr-crllcd  stages; 

two  cells  which  have  resulted  from  th<*  dividon  of  a  single  cell;  r,  group  of  four  cells. 
h -e^  highly  magnified. 

cytoplasm  into  two  parts,  carli  containing  a  single  nucleus.  Tlic  two 
daughter  cells  may  adhere  togethi'r  ami  t'ach  may  itself  divide,  so  that 
groups  of  four  or  even  eight  or  more  tells  may  be  found.  This  jM'ocess 
which  is  a  form  of  a.sexual  reproduction  is  called  simple  fi.ssion.  In  this 
case  the  parent  cell  which  divides  does  not  «li(\  .dthough  it  loses  its 
individuality  by  bet'oming  two  individu.ils.  l)eath  occurs  in  Frotococais 
only  as  the  result  of  tulverse  extern. il  comlitions. 

(5)  THE  DESMIDS 

Desmids  are  interesting  bt'C.aust'  of  their  frt'cjuent  occurrt'iice  in 
fresh  water  and  the  f.mciful  shapes  whit  h  tlu'  cells  .cssume.  I'.ach 
consists  of  a  single  blight  gretm  cell  olten  constricted  in  tht'  centt'r 
(Fig.  8:5). 
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(6)  THE  DIATOMS 


The  diatoms  (Fig.  8:5)  are  unicellular  algae  of  uncertain  systematic 
position,  being  classified  by  some  as  brown  algae,  while  others  regard 
them  as  closely  related  to  the  green  algae.  I  he  cell  wall  consists  of  two 
halves  or  valves  impregnated  with  silica.  They  arc  frequently  a  very 
important  component  of  the  plankton  of  the  sea  and  of  lakes  and  ponds. 
In  the  sea  they  are  one  of  the  main  sources  of  food  for  marine  animals. 


Pinnularia,  a  diatom  Closterium,  a  desmid 

The  case  only  is  shown  showing  cell  contents 

Fig.  8:5  A  diatom,  Pinnularia^  and  a  desmid,  Closterium.  Pinnularia  redrawn  after  Smith, 
Overton  et  al..  Textbook  of  General  Botany^  The  Macmillan  Company;  Closterium  redrawn 
after  Holman  and  Robbins,  Textbook  of  General  Botany^  by  p)ermission  of  John  Wiley  & 
Sons,  Inc. 


(7)  UIWA 

The  sea  lettuce,  Ulva^  which  is  particularly  abundant  on  the  seashore 
near  where  fresh  water  enters  the  sea  and  is  often  conspicuous  by  its 
bright  green  color,  is  an  example  of  an  alga  which  forms  a  typical  thallus 
(Fig.  8:6).  The  thin  filmy-frilled  thallus  of  this  plant  is  soft  and  flexible 
so  that  when  left  by  the  receding  tide  it  adheres  closely  to  the  rocks  or 
pebbles  to  which  it  is  attached.  The  attachment  to  the  rocks  or  pebbles 
is  made  by  means  of  a  slender  stalk  which  is  expanded  into  a  small 
attachment  disc.  A  thin  section  cut  across  the  thallus  (Fig.  8:6)  shows  it 
to  be  composed  of  two  layers  of  exactly  similar  cells,  each  ha\nng  a 
protoplast  containing  a  nucleus  and  a  chloroplast.  Near  the  stalk  and  in 
the  stalk  itself  certain  cells  are  elongated  into  tubes  which  grow  down 
between  the  two  layers  in  the  stalk  and  into  the  attachment  disc. 

(8)  THE  EVOLUTION  OF  THE  MULTICELLULAR  BODY 

The  simplest  green  algae,  of  which  Protococcus  is  an  example,  consist 
of  a  single  cell.  Next  in  order  are  the  filamentous  forms,  like  Spirogyra, 
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in  which  the  cells  of  the  filament  are  all  alike  and  carry  on  their  \atal 
processes  independently.  Closely  following  these  are  plants  like  Ulothrix 
in  which  one  of  the  cells  of  the  filament  is  without  chlorophyll  and  is 
differentiated  to  act  as  a  holdfast.  In  each  of  these  two  npes  any  cell  of 
the  filament  is  capable  of  dividing  and  forming  other  filament  cells.  A 
further  step  in  cell  differentiation  is  seen  in  Oedogonium  where  not  all  the 
cells  can  carry  on  this  function.  In  the  sea  lettuce,  Ulva,  there  is  a  well- 


Fig.  8:6  Vlvn^  sra  Irttucr.  On  thr  Irfi,  an  rntirr  pl.int;  on  thr  right,  sections  across  the 
lhallus.  Rrdravvn  after  Iknver,  Vlant  Ijfe  on  lujnd. 

developed  (hallus  of  considerable  ^i/e,  which,  however,  is  relatively 
simple  in  its  c(*llular  structure.  The  alK)ve  are  all  itreen  alitae  and  may 
be  considered  to  be  related  forms  although  it  is  unlikely  that  we  have 
here  any  actual  line  of  descent. 

(9)  THE  GREEN  ALGAE  AS  A  GROUP 

I  he  prececlitig  discussion  has  shown  that  tlu'  lU'een  ali^at'  (fig.  8:0) 
are  a  large  and  varied  grouj)  of  great  imj)ort.mce  in  the  evolution  ol  the 
higher  plants  and  in  the  life  of  fresh  water  .md  the  sea. 

C  THE  BROWN  ALGAE  {CLASS  PHAEOPHYCEAE) 

A  common  brown  alga  of  our  sf'.iboard  is  tlu'  rockwt'ed,  htuus.  It  is 
found  between  the  h'vels  ol  low  .md  high  tide.  ( )n('  end  is  attatdu'd  to 
a  rock  or  pebble  liy  a  holdl.ist  while  the  rest  ol  the  th.illus  llo»»ts  in  the 
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water,  buoyed  up  by  small  air  sacs  or  bladders  in  its  branches.  At  low 
tide  it  is  left  high  and  dry  except  for  the  water  which  it  retains  within 
the  folds  of  its  flat,  narrow  branches.  All  who  have  walked  along  the 
shore  at  low  tide  arc  familiar  with  the  brown  leathery  carpet  which 

Fucus  makes  over  rocks  and 
stones.  Its  surface,  like  that  of 
many  seaweeds,  is  slippery.  The 
greater  [X)rlion  of  the  thallus, 
however,  consists  of  broad  flat 
leaflike  branches  (Fig.  8:7).  \{ 
the  lip  of  each  branch  is  an  oval 
depression  at  the  lx)ttom  of 
which  is  an  apical  cell.  The 
l^ranch  is  added  to  by  the  growth 
and  difTerentialion  of  cells  aris¬ 
ing  from  the  division  of  the 
apical  cell,  .\fter  a  branch  has 
reached  a  certain  length,  the 
apical  cell  divides  equally  into 
two  cells  each  of  which  becomes 
a  .separate  apical  cell.  As  growth 
continues  the  branch  becomes 
forked.  Each  of  the  branches 
of  the  fork  grows  to  the  u.sual 
length  and  then  in  turn  becomes 
forked.  This  method  of  branch¬ 
ing  is  called  dichotomy.  On  the 
branches  are  the  air  bladders. 

A  cross  section  of  the  thallus  shows  it  to  be  composed  of  an  external 
portion  or  cortex  and  an  internal,  central  portion,  the  medulla.  The 
cells  of  the  cortex  are  arranged  with  their  long  axes  at  right  angles  to 
the  surface  and  the  outer  walls  of  the  cortex  cells  form  a  thick  protective 
covering  for  the  thallus.  The  cells  of  the  medulla  are  filamentous  and 
form  a  tangled  mass  through  which  food  materials  are  conducted.  The 
chlorophyll  is  in  chloroplasts  in  the  cells  of  the  cortex.  Its  green  color  is 
somewhat  masked  by  the  presence  of  a  brown  pigment.  The  “air 
bladders”  are  enlarged  intercellular  spaces  containing,  chiefly,  carbon 
dioxide  gas. 

Asexual  reproduction  by  means  of  spores  or  other  reproductive  bodies 
is  unknown  in  Fucus  and  its  near  allies.  Occasionally  plants  may  be  torn 
apart  and  the  pieces  regenerate  new  individuals.  However,  sexual  re- 


Fig.  8  :7  Fucus,  a  rockwred.  Part  of  the  thal¬ 
lus.  Redrawn  after  Smith,  Overton  et  al..  Text¬ 
book  of  General  Botany,  The  Macmillan  Clom- 
pany. 
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production  is  the  usual  method.  Sex  organs  occur  on  the  ends  of  free 
Jji:anches.  The  actual  organs  develop  in  cavities  called  conceptacles 
(Fig.  8:8)  which  open  to  the  exterior  by  means  of  pores  called  ostioles. 
The  formation  of  conceptacles  causes  the  tip  of  the  branch  to  swell.  In 
some  species  of  Fucus,  including  the  common  Eastern  species,  Fucus  vesi- 


Male  concepticle  Female  concepticle 


Fig.  8:8  Fucus.  Sexual  reproduction.  Lower  left,  section  of  a  male  conceptacle  con¬ 
taining  antheridia.  U[)per  left,  several  antheridia  on  a  branrhed  filament,  one  of  which 
is  enlarged  to  show  sperm  escaping.  Lower  right,  section  of  a  female  conceptacle  con¬ 
taining  oogonia.  Upper  right,  eggs  escaping  from  an  oogonium,  fertilization,  and  a  young 
zygote.  Redrawn  after  Smith,  Overton,  et  al.,  Textbook  oj  General  Botany^  I  he  Macmillan 
Company. 

culosisj  the  male  and  female  sex  organs  are  prtxluccd  in  ditferent  con- 
ceptaclcs.  In  other  specie's  lK)th  .sex  organs  occur  in  the  same  conceptacle. 
A  male  sex  organ  or  anthcridium  (l*'ig.  8:8)  consists  of  a  large  ovoid  cell 
born  on  a  lilament  which  grows  out  from  the  wall  of  the  conceptacle. 
'ITie  nucleus  of  the  ant lieridial  cell  divides  into  two,  four,  and  so  on, 

until  a  total  eif  sixly-four  nuclei  are  formed.  .\lt('r  this  has  been  accom¬ 

plished  die  cytophism  di\id('S  .md  the  sixty-four  resulting  cells  become 
spcrni.s.  A  female  .sex  organ  or  obgoniiiin  ( I‘dg.  8:8)  consists  ol  an  en¬ 
larged  spherical  cell  on  the  end  of  a  short  stalk  cell.  1  lie  cytoplasm  of  tlu' 
()()gonial  cell  liet'omes  filled  with  rest'iA'e  materials  .liter  which  its  slngh* 
nucleus  divides  into  two,  four,  .md  finally  ('ight  nuclc'i.  1  lu'  cc'll  tlu'n 

(llvi<les  foi'iiiing  eight  s[jh('iical  eggs,  both  egi’,s  .md  sperms  pass  out 

through  the  ostioles  into  the  sc'.i  where  fert iliz.ition  (lug.  8:8)  ocTurs. 
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The  zygote  develops  (Fig.  8:8)  immediately  into  a  new  Fucus  plant.  It 
will  have  been  noticed  that  the  sex  organs,  anthcridia  and  oogonia,  each 
consist  of  a  single  cell.  This  is  typical  of  the  Division  Fhallophyta. 

D.  THE  RED  ALGAE  (CLASS  RHODOPHYCEAE) 

Since  nearly  all  red  algae  occur  in  the  sea  below  low-water  mark  they  * 
are  not  familiar  to  many  laymen.  Certain  members  of  the  class,  notably 
Polysiphonia,  a  plant  with  numerous  slender  branches,  arc  of  considerable  ; 
scientific  interest  since  their  life  cycles  show  the  alternation  of  two  genera-  | 
tions,  one  of  which  reproduces  sexually  and  the  other  only  ascxually.  I 
This  is  a  condition  which  we  shall  find  occurs  in  mosses  and  ferns  and  all  | 
of  the  higher  plants.  However,  it  is  doubtful  whether  the  red  algae  are  j 
to  be  regarded  as  the  ancestral  forms  of  these  plants.  An  adequate  dis-  ,j 
cussion  of  the  matter  would  take  us  beyond  the  scope  of  this  text.  One 
group  commonly  called  corallines  deposit  calcareous  material  in  their 
cell  walls  and  arc  in  part  responsible  for  many  “coral”  reefs. 

2.  THE  FUNGI 

The  student  is  referred  to  Chap.  3  and  to  the  Appendix  for  the  • 
characteristics  and  classification  of  the  group.  TTie  first  class,  Schizo-  j 
mycetes  or  bacteria,  forms  the  subject  of  a  separate  chapter  (9).  I  hc 
second  class,  Myxomycctcs,  will  not  be  considered  further  in  this  text. 
Examples  of  the  next  three  classes,  the  Phycomycctes  or  algal  fungi,  the 
Ascomycetes  or  sac  fungi,  and  the  Basidiomycctcs  or  basidia  fungi  will 
be  described. 

A.  THE  PHYCOMYCETES 
(1)  THE  BREAD  MOLD,  RHIZOPUS 
(a)  THE  MYCELIUM 

Everyone  has  seen  this  common  mold  on  stale  bread  or  decaying  fruit. 

At  first  the  mold  appears  as  a  gray  fuzz  on  the  surface  of  the  bread; 
later  as  the  spores  formed  by  it  become  darker  and  eventually  almost 
black  the  mold  takes  on  this  color  (Fig.  8:9).  The  gray  fuzz,  which 
appears  like  a  layer  of  finely  teased  out  absorbent  cotton,  consists  of 
numerous  fine  filaments,  which  in  the  case  of  a  fungus  are  called  hyphae. 
To  the  mass  of  hyphae  which  make  up  the  plant  body  of  a  fungus  the 
term  mycelium  is  applied.  The  mycelium  of  the  bread  mold  is  not 
divided  into  cells.  The  protoplasm  takes  the  form  of  a  continuous  mass 
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extending  through  the  hyphae  and  contains  numerous  nuclei.  The  gen¬ 
eral  term  coenocyte  is  applied  to  such  a  plant  body  or  portion  of  a  plant 
body  in  which  the  protoplasm  contains  many  nuclei  and  is  not  divided 
into  separate  cells.  Some  of  the  hyphae  grow  down  into  the  starchy 
substance  of  the  bread  secreting  as  they  go  an  enzyme  which  digests  the 
starch.  Thus  the  bread  serves  both  as  a  substratum  upon  which  the  fun¬ 
gus  grows  and  as  the  source  of  its  food.  The  mold  spreads  ov^er  the  bread 


Fig.  8:9  Rhizofms  m^ncaru,  a  bread  mold.  .\l  left,  a  photograph  of  the  edge  of  a  slice 
of  bread  over  which  the  mold  has  sj)read.  ITn-  black  dot.s  arc  ri{X'  s{>orangia.  On  the  right, 
a  diagram  illustrating  the  structure  of  the  mold. 


by  sending  out  slightly  larger  hyphae  called  .stolons  which  grow  over 
the  surface  (f  ig.  8:9).  Where  the  stolons  touch  the  bread,  they  branch 
and  give  ri.se  to  hyphae,  some  of  which  dip  down  into  the  stibstance  ol 
the  bread  while  others  grow  upward. 

(b)  ASEXUAL  REPRODUCTION  IN  RHIZOPUS 
On  (he  lij).s  (jf  the  ert'ct  hyphae  which  grow  up*  Irom  the  stolons  ol  the 
bread  mold  round  bodies  called  sporangia  dev('lo|).  f  or  (his  rtMSon  these 
hy|)hae  art'  called  sporangiophorcs.  .\  sporangium  ((  u  .  sfwms,  a  s|K)re 
T  ai^eioTiy  a  ret'eptaele)  is  a  sdiicture  in  which  spt)res  are  loruu*d.  In  a 
sporangium  of  (he  bread  mold  an  outer  or  j)eripheral  portit)n  is  separatt'd 
from  an  inner  portion,  called  the  columella,  by  a  partition.  1  he  proto¬ 
plasm  of  the  columell.i  is  continuous  with  (hat  ol  the  hypha.  I  he  pro¬ 
toplasm  of  the  i^eripher.il  portion  of  the  voting  sporangium  di\  ides  and 
forms  spores.  The  spores  of  the  bread  mold,  like  th('  hyph.ie  from  which 
they  arise,  consist  of  masses  of  j)roto|)l.ism  in  which  thert'  art'  u.su.illv 
several  nuclei,  the  whole  being  surrounded  by  a  n'sist.mt  wall.  \\  ht'U  (lie 
proce.ss  of  spore  formatit)n  is  comj)le(eil,  (he  Iragile  outer  wall  ol  the 
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sporangium  bursts  open  and  the  spores  are  liberated.  When  a  spore 
arrives  on  a  suitable  substratum  it  germinates,  sending  out  a  hypha 
which  develops  into  a  mold.  The  very  special  conditions,  i.e.,  the  moist 
surface  of  bread  or  decaying  fruit,  required  by  the  bread  mold  for  its 
development  necessitate  the  production  of  reproductive  lx)dies  which 
will  become  widely  distributed.  The  minute  spores  remain  suspended  in 
the  air  for  long  periods  of  time  and  are  easily  blown  from  one  surface 
to  another  and  attain  such  a  wide  distribution  that  they  arc  usually 
present  where  bread  or  fruit  is  exposed. 


(c)  SEXUAL  REPRODUCTION  IN  RHIZOPUS 
In  the  common  bread  mold  there  occurs  what  corresponds  to  a  sepa¬ 
ration  of  the  sexes.  Some  strains,  called  plus  strains,  produce  gametes  of 


Mycelium  Progametes 


Fig.  8: 10  Rhizopus  nigricans^  a  bread  mold.  Sexual  reproduction.  .^-C,  fusion  of  gametes; 
D-E,  formation  of  zygote;  F,  germination  of  zygote.  From  Smith,  Overton,  et  al.^  Textbook 
of  General  Botany,  The  Macmillan  Company. 


one  kind  while  other  strains,  called  minus  strains,  produce  gametes  of 
another  kind.  The  differences  between  the  strains  and  the  differences 
between  their  gametes  seem  not  to  be  accompanied  by  any  visible  an- 
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atomical  differences.  Only  gametes  of  different  strains,  i.e.,  plus  and 
minus,  will  unite  to  produce  a  zygote.  If  plants  of  different  strains  grow 
together,  so  that  their  hyphae  intermingle,  gametes  are  formed.  The 
gametes  arise  from  short  club-shaped  lateral  branches  (Fig.  8:10).  When 
the  lateral  branches  from  two  hyphae  of  plants  of  opposite  sign  meet,  a 
cell  is  separated  off  at  the  end  of  each.  These  cells  then  fuse  to  form 
zygotes.  Each  zygote  then  develops  a  thick  resistant  cell  wall  and  may 
remain  dormant  for  a  time,  after  which,  if  conditions  are  favorable,  it 
germinates  and  develops  into  a  new  plant. 

(2)  OTHER  PHYCOMYCETES 

One  common  group  of  Phycomycetes  (order  Saprolegniales)  grows 
in  ponds  and  streams  on  the  dead  bodies  of  fish  and  insects.  Another 
group  (order  Peronosporales),  which  includes  the  “downy  mildews”  is 
parasitic  on  plants.  A  third  group  (order  Mucorales)  includes  the  black 
mold  described  above.  A  fourth  group  (order  Entomophthorales) 
attacks  living  insects  and  includes  the  Hy  mold,  the  effects  of  which  are 
sometimes  seen  on  windowpancs  when  the  Hies,  dead  or  in  an  advanced 
stage  of  the  disease,  arc  surrounded  by  a  white  halo. 

B.  THE  ASCOMYCETES 

(1)  THE  CUP  FUNGI 

Probably  the  most  familiar  members 
of  this  class  arc  the  delicate  little  “cup 
fungi”  often  seen  on  decaying  tree 
stumps.  In  a  common  spc'cies,  Pezirji 
coccinea,  the  inside  of  the  cup  is  bright 
red,  in  other  specious  it  is  yellow,  orange', 
or  even  bluish.  'The  (i.ssue  lining  the 
cup  is  called  the  hymenium  and  it  is  here  that  the  sacs  or  asci,  each 
containing  eight  ascosporcs,  are  formed.  I  he  asci  are  known  to  be  formed 
as  the  result  of  a  .se.xual  process  (I'ig.  8:11). 

(2)  THE  POWDERY  MILDEWS 

Anotlu'r  im|K)rtant  group  of  .\scomyc('tes  an'  the  powdery  mildews 
which  are  all  |)arasitic,  chiefly  on  the'  leave's  ol  highe'r  j)lants.  d'he  myce¬ 
lium,  which  ce)nsists  e)f  hyphae*,  fe)rms  a  whitish  ne*twe)rk  e)n  the  surlace  ol 
the*  le*ave!S  anel  se*nels  l)rane'he*s  e  alle*el  haiistoria  inie)  the*  e  e'lls  e)l  the*  le'al. 

I  lypliae*  alse)  gre)W  e)ut  fre)m  the*  le*.if  at  right  angle*s  te)  its  surlae'e*.  I  he*se* 
are:  e*alle*(l  conidiopliorcs  sine*'*  the*v  bear  .i  spe*e'i.il  kiiul  e)l  spore*  c.ille*d 


Fig.  8:11  Cup  fungi  (class  Asco- 
iincctcs).  Redrawn  after  Holman  and 
Robbins,  irxthook  oj  Crrirral  Botany^  by 
permission  of  John  Wiley  &  Sons,  Inc. 
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a  conidium.  The  conidia  develop  at  the  ends  ol  the  conidiophores  by 
transverse  division  and,  when  numerous,  form  a  powdery  patch  on  the 
leaf. 

Sexual  reproduction  occurs  late  in  the  season  and  the  resulting  “spore 
fruits”  enable  the  parasite  to  survive  the  winter.  Two  short  hyphae 


Cell  which  gives  rise  to  the 


C 


Fig.  8:12  A  powdery  mildew  (class  Ascomycetes).  .Sexual  reproduction  and  the  forma¬ 
tion  of  the  spore  fruit.  A,  two  hyphac  (one  bc*aring  an  oogonium,  the  other  an  antherid- 
ium)  are  joining.  B,  the  nucleus  of  the  antheridium  has  passed  into  the  odgonium  and 
fused  with  its  nucleus,  leading  to  the  formation  of  a  zygote;  C,  the  sjxjre  fruit  showing 
the  cells  developed  from  the  zygote  (shaded  in  the  figure),  one  of  which  (containing  two 
nuclei)  will  give  rise  to  the  ascus  and  the  ascosp)orcs  which  it  contains.  T  he  other  p)ortion 
of  the  spore  fruit,  not  shaded  in  the  figure,  is  developed  from  the  stalk  cell  of  the  hypha 
bearing  the  oogonium.  Redrawn  after  Harper. 


grow  up  side  by  side  and  come  into  contact.  A  nucleus  from  one  of  the 
hyphae,  which  may  be  called  an  antheridium,  mov’es  into  the  other 
hyphae,  the  odgonium,  and  fuses  with  a  nucleus  there  forming  a  zygote 
(Fig.  8:12).  Cells  from  the  stalk  of  the  oogonium  now  grow  up  around 
the  zygote  and  enclose  it,  forming  a  rounded  spore  fruit.  The  enclosed 
zygote  forms  one  or  more  asci  or  spore  sacs  containing  from  two  to  eight 
ascospores.  When  mature  the  spore  fruits  may  sometimes  be  seen  as 
black  specks  on  the  leaf. 


(3)  THE  BLUE  AND  GREEN  MOLDS 

Another  group  includes  the  blue  and  green  molds.  One  genus, 
Aspergillus,  is  common  on  decaying  vegetables,  cereals,  preserv^es,  damp 
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leather,  and  so  forth.  The  characteristic  green,  brown,  or  yellow  color 
appears  when  the  spores  develop.  Another  genus  {Penicillium)  occurs  on 
bread,  cheese,  lemons,  and  other  foods.  One  species  Penicillium  natatum 
(Fig.  8:13)  has  become  famous 
as  the  source  of  penicillin,  the 
production  of  which  is  referred 
to  in  the  chapter  on  the  eco¬ 
nomic  and  medical  importance 
of  plants.  Another  species  {Peni- 
cilliurn  roqueforti)  is  important 
in  the  ripening  of  Roquefort 
and  Gorgonzola  cheeses  and 
still  another  species  {Penicillium 
camemberti)  is  the  active  agent 
in  the  ripening  of  camembert 
cheese. 


(4)  ERGOT 

Ergot  (Claviccps)  is  a  well- 
known  disease  of  rye  and  other 
grasses.  It  produces  large  pur¬ 
plish-black  horny  grains  in 
place  of  the  normal  seeds.  The 
parasite  attacks  young  flowers 
and  grows  into  the  ovary,  replacing  the  ovules  with  its  hvphae.  The  in¬ 
fected  grains  drop  to  the  ground  and  after  passing  the  winter  produce 
ascospores  which  S|)read  the  disease. 

(5)  THE  YEASTS 

IVrhaps  economically  (he  most  im|)oi(an(  group  of  (h('  Ascomycetes 
are  the  yeasts  (gemus  Saccharomy('et('s)  which  are  in  n'ahty  (N'generate 
forms  without  a  (rue  mycelium.  The  mysterious  ch.mg('  of  (he  juice  of 
(he  graj)c  into  wiiu'  has  been  known  from  very  ancient  times.  In  the 
making  of  wine  from  grapes,  grape  sugar  is  broken  down  into  alcohol 
and  carbon  dioxide  gas.  d'he  process  is  called  fermentation.  I  hc  pre.s- 
ervatif)!!  of  the  gas  in  bottling  cause's  .some  wiiu'S,  such  as  champagne,  to 
elfervesc'e.  I’lie  re'searches  of  Louis  Pastc'ur  carrie'd  on  be'twe'cn  18(>0  and 
1H70  showed  (hat  the  formation  of  aU’ohol  and  carbon  dioxide'  was  due' 
to  a  micros('opi('  organism  calld  yeast,  ^*('ast  is  also  nse'd  in  the  making 
of  bicad  and  in  baking.  'The  proee'ss  of  lermentation  in  the'  dough  jiro- 
duees  line  btibbh's  of  (’ai  bon  dioxide  gas  whic'h  ('a use'  the'  dong h  te)  “rise'" 


Fig.  8:13  Blue  and  green  molds  (class  .•\sce> 
mycetes).  .V,  lengthwise  section  of  a  conidium- 
Ix'aring  branch  of  Aspergillus.  B,  conidium- 
bearing  branch  of  Penutllium.  Both  diat^ram- 
matic.  From  Smith,  Gillx'rt,  et  al.,  .1  I  ext  book 
of  General  Botany^  TTir  Macmillan  Company. 
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and  give  to  the  bread  its  light  spongy  structure.  For  this  purpose  yeast 
is  sold  in  the  form  of  “yeast  cakes.” 

If  a  piece  of  a  yeast  cake  is  crushed  in  a  little  water  and  examined  under 
the  microscope  the  very  numerous  yeast  plants  can  be  easily  seen.  These 
consist  of  single  cells  or  small  groups  of  cells  (Fig.  8:14).  The  cells  arc 
either  spherical  or  egg-shaped  and  each  is  surrounded  by  a  well-marked 
cell  wall.  One  or  more  vacuoles  can  be  clearly  seen  in  the  cytoplasm. 
Small  fat  globules  and  irregular  granules  of  reserve  food  materials  are 


Fig.  8:14  Yeast  (class  Ascomycctcs).  A,  a  single  cell.  H-C,  formation  of  a  bud.  1),  the 
buds  have  remained  attached  to  the  parent  cell  and  have  ihcmselves  form<'d  buds. 
E,  spore  formation.  Redrawn  after  Smith,  Overton,  rf  al..  Textbook  oj  (ierieral  Botany,  The 
Macmillan  Company. 

also  recognizable.  It  is  not  possible  to  see  tlic  nucleus  in  the  living  cell 
but  its  pre.sence  can  be  demonstrated  by  special  staining  methods. 

The  yeast  cell  reproduces  by  cell  division  but  the  process  is  somewhat 
different  from  that  in  the  plant  cells  already  encountered.  When  cell 
division  is  about  to  occur  a  portion  of  the  cell  wall  is  pushed  out  forming 
a  small  projection  or  bud.  This  gradually  increases  in  size  and  the  nu¬ 
cleus  divides  into  two  portions  forming  two  daughter  nuclei  one  of  which 
moves  out  into  the  bud.  In  budding  the  parent  individual  divides  un¬ 
equally  so  as  to  give  rise  to  a  smaller  daughter  individual.  In  the  case  of 
the  yeast  cell  during  active  growth  the  buds  may  remain  attached  to 
the  parent  cell  and  themselves  give  rise  to  smaller  buds,  so  that  branched 
irregular  chains  of  cells  are  formed  which,  however,  soon  break  up  into 
separate  cells. 

Aether  method  of  reproduction  which  occurs  only  in  old  cells  is  by  the 
formation  of  spores.  When  a  yeast  cell  is  about  to  form  spores  the  nucleus 
breaks  up  into  four  parts.  Then  the  cytoplasm  becomes  divided  by- 
plasma  membranes  into  four  parts,  each  part  containing  one  of  the 
nuclei.  The  original  cell  wall  thus  comes  to  form  a  spore  sac  or  ascus  and 
each  of  the  four  cells  within  it  becomes  an  ascospore.  It  is  because  they 
produce  ascospores  that  the  yeasts  are  classified  as  Ascomycetes. 
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Probably  the  most  important  feature  of  the  yeast  from  a  biological 
point  of  view  is  the  way  in  which  it  produces  fermentation.  The  grape 
sugar,  called  glucose,  which  is  in  solution  in  the  grape  juice,  passes  into 
the  cytoplasm  of  the  yeast  cell  through  the  plasma  m.embrane  and  is 
there  converted  into  alcohol  and  carbon  dioxide.  The  alcohol  and  carbon 
dioxide  pass  out  of  the  protoplast  through  the  plasma  membrane  into 
the  surrounding  liquid.  The  yeast,  which  lacks  chlorophyll,  obtains  the 
energy  to  carry  on  its  vital  activities  by  breaking  up  sugar  into  alcohol 
and  carbon  dioxide.  If  a  culture  of  yeast  is  ground  up  in  a  mortar  with 
very  fine  sand  so  as  to  crush  and  kill  the  individual  cells  the  liquid  will 
nevertheless  still  produce  fermentation.  It  was  at  first  thought  that  a 
single  enzyme,  to  which  the  name  zymase  was  given,  was  responsible 
for  the  fermentation  caused  by  yeast.  It  has  now  been  shown  that  the 
fermentation  is  due  to  a  number  of  different  enzymes  acting  in  concert. 
It  is  interesting  to  note  that  our  knowledge  of  enzymes  and  of  many  of 
the  processes  which  go  on  in  living  cells  in  health  and  disease  had  its 
beginning  in  the  study  by  Pasteur  of  the  fermentation  produced  by  yeast 
and  other  similar  organisms. 


C.  THE  BASIDIOMYCETES 

This  class  includes  the  smuts  and  ri  sts,  soiiv*  of  which  arc  important 
parasites  of  economic  plants,  and  the  more  familiar  mushrooms  and 
their  relatives. 


(1)  THE  SMUTS 

The  members  of  this  group  (orch'r  I’slilaeinales)  are  all  jxirasites. 
Ifiey  may  be  recognized  l)y  th('  black  sooty  masscss  of  spores  which  they 
produce  (m  vari(3us  parts  of  the  infrcied  j)lant  which  is  usually  .i  member 
of  the  grass  family  (Clraminar).  'rhes<'  black  sj)or«'s  an'  scattered  by  the 
wind.  When  they  gc'rminale  they  {)roduer‘  short  hyj)hae  bearing  small 
spor(!S  which  ar<'  bc'Iievf'd  to  be  thr  ('quivaleni  of  I >.asi(liospores.  (for 
d(!S('ri|)tion  of  l)asidiospor('  si'c  under  “Minbrooms." )  I  h<'  basidiospores 
ijifect  the  seedlings. 


(2)  THE  RUSTS 

C!erlain  members  of  diis  iu'<)up  (oi’<lcr  I h('dinal<'s),  which  is  compost'd 
('iilirely  of  parasilit'  forms,  t'anse  some  of  the  most  d('Stru('ti\'(' disi'ases  of 
et'fcals  such  as  wheal,  oats,  barlt'v,  and  ryt'.  (  hit'  of  llu'  best  known  is  tlu' 
wheal  rust,  Pi/rritiifi  i^ratniriis.  'I he  nanu'  ‘‘rust"  isdut'  to  tiu'  l>right  orangt' 
urt'dosport's  whit  h  wIh'Ii  abnnd.mt  gi\'('  tin'  appt'.ii’aiu't'  of  iron  nist  to  f ht' 
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infected  portion  of  the  plant  (Fig.  8:15).  These  spores  are  carried  in  the 
air  to  new  plants  which  they  infect  imincdialely,  causing  a  new  crop  of 

similar  spores  to  be  formed  in  a 
few  days.  Later  in  the  summer  a 
different  kind  of  spores,  called 
teleutospores,  black  in  color, 
arc  formed  on  the  stem  of  the 
wheat  causing  a  black  rust.  I'hc 
black  spores  remain  dormant 
over  the  winter  and  in  the  follow¬ 
ing  spring  send  out  short  hyphae 
each  of  which  bears  four  basidio- 
sporcs  (Fig.  8:15).  (For  descrip¬ 
tion  of  basidiosporc  sec  under 
“  Mushroom.”)  The  basidiosporcs 
under  ordinary  conditions  arc 
not  able  to  infect  wheat  but 
must  reach  a  second  host,  the 
barberry  {Berber is  vulgaris)^  if  they 
arc  to  germinate.  On  the  bar¬ 
berry  a  fourth  kind  of  airlx>rnc 
spores  is  produced  which  must 
reach  a  wheat  plant  to  germinate 
and  complete  the  life  cycle.  While 
the  life  history  of  wheat  rust  usu¬ 
ally  invoK'es  two  separate  spe¬ 
cies  of  host,  where  the  winter  is 
mild  the  urcdosporcs  may  survive 
and  infect  wheat  in  the  spring. 

(3)  MUSHROOMS,  PUFFBALLS,  AND  RELATED  FUNGI 
The  common  toadstool  or  visible  part  of  a  mushroom  is  an  outgrowth 
from  a  mycelium  which  grows  saprophytically  on  decaying  vegetable 
or  animal  matter  at  the  surface  or  just  below  the  surface  of  the  ground 
(Fig.  8:16).  A  single  mycelium  may  cover  a  considerable  area  and  give 
rise  to  a  group  of  toadstools.  The  toadstools  or  mushrooms  are  really 
reproductive  bodies  or  fructifications.  This  is  perhaps  why  they  grow 
so  rapidly  and  give  rise  to  a  “mushroom  growth.”  The  toadstool  itself 
is  made  up  of  a  mass  of  interlacing  hyphae.  The  hyphae  of  mushrooms, 
unlike  those  of  the  bread  mold,  are  septate,  that  is,  divided  by  cross 
walls.  A  toadstool  consists  of  a  stalk,  called  in  this  case  a  stipe,  which  is 


Fig.  8;  15  The  wheat  rust,  Puccinia  gramitiis 
(class  Basidiomycetes).  a  portion  of  a 
wheat  leaf  infected  with  wheat  rust,  showing 
the  red  rust  due  to  uredospores.  B,  germina¬ 
tion  of  a  teleutospore  giving  rise  to  basidio- 
spores. 
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expanded  at  the  top  into  an  umbrella-shaped  cap  or  pileus.  On  the 
under  side  of  the  cap  many  thin  plates  hang  down  (Fig.  8:17).  These 
thin  plates  or  gills  are  attached  to  the  under  side  of  the  cap  along  lines 
which  radiate  from  the  stalk  to  the  periphery.  The  surface  of  the  gills, 
called  the  hymenium,  is  given  over  to  the  formation  of  spores.  The  ends 


Fig.  8:16  A  mushroom,  Agaricus  campestris  (class  Basidiomycetes).  On  the  left,  an 
immature  fruiting  body.  In  the  center,  a  fruiting  body  approaching  maturity.  On  the 
right,  a  longitudinal  section  of  a  fruiting  body  similar  to  that  on  the  left. 

of  some  of  the  hyphae  which  compose  the  hymenium  develop  into 
structures  called  basidia.  Each  basidium  bears  four  spores  called  ba- 
sidiospores,  on  short  stalks  called  sterigmata  (singular  sterigma)  (Fig. 
8:17).  When  ripe  the  sjx)res  arc  shed.  Under  suitable  conditions  they 
develop  into  mycelia  which  give  rise  to  more  “mushrooms.” 


Pileus  in  section 


Fig.  8:17  riir  rorin.ilioii  of  b.isi(lios|)<iics  in  .i  imishriiom.  On  the  Ic'ft,  a  section  ol  the 
pileus,  showing  gills.  (  )n  the  l  ight,  .1  |).n  t  ol  one  side  of  one  of  the  gills  enlarged  to  .show 
the  hyineninm  and  the  basidiospores. 

Whal  (’orresjxiiu Is  lo  ler( ili/.ition  in  the  mnshriMtm  is  hidden  in  nuclear 
changes  which  octaif  prct  i'din".  the  lonnalion  ol  iht'  basidi.i.  .\s  alreacK 
staled,  the  hy|)ltac  arc  divided  liy  si'pta  into  sej)aralc  portions  which 
may  lie  called  (  (dl  ..  I  lowever,  (Mch  of  these  “tadls"  t'onlains  two  nuclei. 
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When  a  basidium  is  formed  the  “cell"  from  which  it  develops  also  con¬ 
tains  two  nuclei.  Early  in  the  development  of  the  basidium  the  two 
nuclei  fuse  forming  a  single  nucleus.  I'his  nuclear  fusion  corresponds  to 
the  fusion  of  the  nuclei  of  two  gametes  to  form  a  zygote  nucleus.  The 
single  or  zygote  nucleus  of  the  basidium 
soon  divides  forming  four  nuclei,  which 
become  distributed  one  to  each  of  the 
four  basidiospores. 

A  single  mushroom  may  produce  mil¬ 
lions  of  minute  spores.  'These  spores  arc 


Fig.  8:18  A  lichen,  Parmclia.  I  roin  Smith, 
Overton,  d  al.^  I  extbook  oj  Cietifral  liotatiy^  'I  hc 
Macmillan  Company. 


distributed  by  the  wind.  large  number 
of  spores  is  necessary  in  order  that  some 
may  have  a  chance  to  reach  the  con¬ 
ditions  required  for  the  development  of 
a  mycelium. 

The  mushroom  described,  Agaricus,  be¬ 
longs  to  a  group  (Hymcnomycctes)  which 
includes  the  gill  fungi  so  called  because 
the  spores  are  borne  on  gill-like  filaments 


Fig.  8:19  \  lichen.  .'\,  a  cross 

section  of  the  thallu.s.  B,  a  vegeta¬ 
tive  bud  containing  hyphae  and 
algal  cells  which,  when  broken  away 
from  the  lhallus,  is  capable  of  re¬ 
producing  the  lichen.  C,  a  cross  sec¬ 
tion  of  a  portion  of  a  lichen,  showing 
tlic  formation  of  ascosporcs.  From 
Smith,  Overton,  d  al.y  Textbook  oj 
General  Botany,  The  Macmillan 
Company. 


and  the  pore  fungi  in  which  the  spore¬ 
bearing  surface  or  hymenium  lines  the  cavities  of  numerous  pores  open¬ 
ing  on  the  under  side.  Most  of  the  pore  fungi  occur  on  the  trunks  of  trees 
where  they  form  shelflike  projections  and  are  called  shelf  fungi  al¬ 
though  in  a  few  the  fruiting  body  takes  the  form  of  a  toadstool.  In 
puflTballs  (Gastromycetes)  the  spore-bearing  cells  are  completely  en¬ 
closed  in  the  “ball”  and  the  spores  are  freed  either  through  a  hole  in  the 
top  or  by  decay  of  the  entire  fruiting  body. 
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3.  THE  LICHENS 

The  lichens  (Fig.  8:18)  are  an  interesting  group  of  plants  which  are 
partly  Algae  and  partly  Fungi.  What  appears  to  be  the  lichen  plant 
really  consists  of  two  plants:  a  simple  alga  often  resembling  Protococcus 
and  a  fungus,  the  hyphae  of  which  twine  around  and  enclose  the  algae 
(Fig.  8:19).  The  relationship  between  the  alga  and  the  fungus  is  one  of 
symbiosis.  The  alga  is  protected,  held  in  place,  and  in  some  cases  supplied 
with  water  by  the  fungus,  while  the  fungus  in  turn  receives  from  the  alga 
the  organic  materials  which  it  is  unable  to  manufacture  itself.  The 
thallus  of  the  lichen  is,  however,  a  very  different  structure  from  that  of 
the  alga  or  the  fungus  alone. 

4.  MODES  OF  LIFE  ILLUSTRATED  BY  THE  ALGAE,  FUNGI,  AND 
LICHENS 

A.  INDEPENDENT  AND  DEPENDENT  PLANTS 

J^Fhc  Algae  arc  independent  plants  manufacturini;  ilicir  own  food 
materials  with  energy  absorlx*d  from  sunlight.  The  f  ungi,  on  the  other 
hand,  with  the  exception  of  the  autophytic  bacteria,  are  all  dependent 
plants.  It  is  clear  that  among  living  things  the  independent  plants  must 
have  preceded  the  dependent.  Hence  the  earliest  forms  of  life  on  the 
earth  probably  resembled  either  the  autophytic  bacteria  or  simple  algae. 

B.  SAPROPHYTISM 

A  saprophyte  has  already  l)een  defined  as  a  plant  which  obtains  its 
nourishment  from  nonliving  organic  matter.  The  importance  of  such 
plants  for  maintenance  of  life  u[>on  th('  earth  has  been  considered  in 
connection  with  the  carUin  cycle.  With  a  few  exceptions,  such  as  the 
Indian  pi[K'  which  is  a  (lowering  jilant,  all  saprophytes  belong  to  the 
class  f  ungi.  Saprophytes  reijuire  to  be  ad.ijited  to  th('ir  p»irticul.ir  mode 
of  life.  None  of  them  are  very  huge  plants  and  most  of  them  are  quite 
small,  d  hey  grow  rapidly  when  dec. lying  organic  material  is  avaihible 
for  them  and  produce  an  .ibuiuhmce  of  sjKires,  since  only  by  being 
widely  distributed  is  there  a  ch.mce  of  their  reaching  new  sources  of 
nourishment. 

C  PARASITISM 

A  par.'isite  has  been  defined  .is  an  org.mism  which  livc'S  on  or  in  .m- 
other  spec  ies  ol  living  org.mism  from  which  it  obt.iins  its  nourishment. 
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Many  of  the  Fungi  are  parasites  on  plants  or  on  animals.  'I  hcrc  arc, 
however,  parasitic  plants  which  are  not  Fungi,  such  as  the  mistletoe 
and  dodder,  which  are  flowering  plants.  Many  Fungi  can  live  cither  as 
saprophytes  or  parasites.  Parasitism  requires  even  greater  adaptation 
than  saprophytism,  since  the  parasite  must  be  adapted  to  the  peculiarities 
in  the  structure,  physiology,  and  mode  of  life  of  its  host  or  hosts.  One  of 
the  most  difficult  problems  which  a  parasite  must  solve  is  getting  from 
one  host  to  another.  Hence  most  parasites  have  rather  complicated  life 
cycles  and  varied  methods  of  reproduction.  Sometimes  more  than  one 
species  of  host  is  involved  as  in  the  wheat  rust. 

D.  SYMBIOSIS 

In  the  case  of  symbiosis  two  organisms  belonging  to  difTercnt  species 
live  together  to  their  mutual  advantage,  d'hus  in  the  case  of  the  lichen, 
the  fungus  partner  obtains  from  the  alga  the  organic  substance  which  it 
itself  cannot  manufacture  while  the  alga  is  protected  and  held  in  place 
by  the  fungus. 
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Questions 

1.  Outline  your  idea  of  how  the  thallus  of  such  a  plant  as  C’ha  may  have  been 
evolved  and  illustrate  your  answer  by  reference  to  existing  plants. 

2.  Why  in  general  is  the  plant  body  of  the  Algae  more  finely  divided  and  more 
flexible  than  that  of  land  plants? 

3.  Discuss  sex  differentiation  in  the  Algae  and  illustrate  your  answer  by  reference 
to  living  forms. 

4.  Compare  the  thallus  of  an  alga  with  the  mycelium  of  a  fungus. 

5.  What  rea.sons  can  you  give  for  Ix'lieving  tliat  I’ungi  were  evolved  from  the 
Algae  and  not  vice  versa? 

6.  Compare  the  life  cycles  Spirogyra  and  Rhizopus. 

7.  What  methods  would  you  advi.se  for  tlie  combat  of  whe.it  rust? 

8.  What  arc  the  advantages  to  the  indi\  icluals  of  the  as.soci.ition  called  .i  lichen.' 

9.  Distinguish  between:  autophytic,  saprophytic,  p.irasitie,  and  symbiotic  modes 
of  life. 
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Some  of  the  bacteria  may  well  be  considered  among  man’s  best  | 
friends,  a  few  are  his  worst  enemies,  while  many  form  an  essential  part  | 
of  the  vegetation  of  the  earth.  Fhc  study  of  bacteria  forms  the  subject  of 
a  special  science  called  bacteriology.  It  is  possible  here  to  touch  on  only 
the  more  general  aspects  of  the  subject. 

Bacteria  arc  all  simple,  minute  organisms.  They  vary  considerably  in 
size  but  average  about  1  /x  to  3  /i  in  length  and  0.3  ii  to  0.5  m  in  thickness. 
One  of  the  largest  is  Bacillus  butsclilii  which  is  50  m  to  60  long  and  4  /x  to 
5  /X  in  thickness.  One  of  the  smallest  is  Bacillus  injlunizac  which  measures 
0.5  /X  by  0.2  M-  Although  bacteria  arc  classified  as  plants  it  must  be  ad¬ 
mitted  that  in  the  lower  organisms  it  is  difhcult  to  make  a  sharp  distinc¬ 
tion  between  the  vegetable  and  animal  kingdoms. 

Among  plant  characteristics  of  bacteria  may  be  mentioned  the  more 
or  less  fixed  and  rigid  shape  of  their  cells,  the  tendency  to  grow  in  fila¬ 
ments,  the  ability  of  some  (autophytic  bacteria)  to  exist  on  inorganic  food  ' 
materials,  and  the  fact  that  food  materials  arc  not  ingested. 

Bacteria  which  manufacture  their  own  food  materials  from  inorganic 
substances  are  said  to  be  autophytic.  Bacteria  which  occur  in  decaying 
organic  matter  and  live  by  digesting  and  absorbing  organic  materials 
are  called  saprophytic  bacteria,  while  to  bacteria  which  live  on  or  in 
the  bodies  of  living  organisms  the  term  parasitic  is  applied.  Parasitic 
bacteria  may  be  harmless  to  their  hosts  or  produce  disease  in  them.  In 
the  former  case  they  are  said  to  be  nonpathogenic,  in  the  latter  case 
pathogenic. 

1.  STRUCTURE 

When  seen  in  a  drop  of  water  under  the  microscope  bacteria  appear 
as  very  minute  transparent  spheres  called  cocci  (singular,  coccus) ;  rods, 
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called  bacilli  (singular,  bacillus);  spirals,  called  spirilla  (singular, 
spirillum)  or  as  long  fine  filaments  of  cells  either  branched  or  un¬ 
branched  (Fig.  9:1).  Without  very  special  technique  it  is  impossible  to 
distinguish  a  cell  wall  or  any  structural  differentiation  within  the  cells. 
Even  when  stained  and  specially  prepared  for  study,  the  entire  cell  may 
appear  uniform  in  color.  Bacteria  appear  to  lank  t^  definite  nucleus, 
bounded  by  a  nuclear  membrane,  which  is  characteristic  of  nearly  all 
plant  and  animal  cells.  The  place  of  the  nucleus  is  taken  by  chromatin 


Fig.  9:1  Forms  of  the  Lower  B.u  leria.  A,  cocci;  H,  stai)hyKK(x:ci ;  C,  diplococci; 
I),  streptoc(K:ci;  L,  tetrads,  groups  of  four  c(x:ci;  F,  sarciuae;  Ci,  bacilli,  various  forms; 
H,  strcptoljacilli;  I,  spirilla,  various  forms;  [,  involution  forms.  Repnxluced  from 
Kenneth  L.  Burdon,  A  Textbook  oj  Mu  robmlopy,  I  he  M.icmillan  Company. 

granules  dispt'rscd  in  the  prolopla.sin.  In  certain  s[)ecies  the  cell  is  sur¬ 
rounded  by  a  well-developed  gelatintjus  envelope  or  capsule  which 
usually  fails  to  take  up  any  color  when  the  cell  is  stained,  .\nother  feature 
which  .serves  to  distinguish  some  species  is  th('  pre.senee  of  deeply  staining 
granules,  callerl  polar  granules,  in  the  (MkIs  of  bacilli.  Many  bactt'ria 
move  about  und<*r  their  own  power.  I  his  movement  is  distinguished  Irom 
the  Brownian  iiKwemt'nt  alrt'ady  de.seribed  by  being  in  a  delinite  dirt'c- 
tion  and  not  irregular.  The  movement  is  caused  by  e.xtremely  line  hair¬ 
like  proee.sses  called  flagella.  'Fhere  may  lx*  a  singlt*  flagellum  attached 
to  one  end  of  the  cell,  two  or  more  at  either  or  lH)th  ends,  or  they  mav 
he  distributed  over  the  cell.  Although  the  movenu'nt  which  they  |^ro- 
du('e  is  readily  visible  th('  ll.tgelLi  tluMUselves  arc  invisible  e.xcept  by  tlu' 
u.se  of  special  lerhni(|ues. 

Bacteria  imdtiply  only  by  cell  division  which  in  this  case  is  called 
simple  (is.sion.  In  the  case  of  cocci  alter  division  the  cells  mav  .kIIkmc 
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together  in  pairs  when  the  organism  is  called  a  diplococcus  or  in  irregu¬ 
lar  groups  when  it  is  called  a  staphylococcus  or  in  chainlike  filaments 
when  it  is  called  a  streptococcus  or  in  cubes  when  it  is  called  a  sarcina. 
Bacilli  may  adhere  in  pairs  forming  diplobacilli  or  in  chains  forming 
streptobacilli.  Spirilla  usually  occur  as  single  cells  but  they  may  form 
long  wavy  chains. 

When  bacteria  are  grown  under  unfavorable  conditions,  as  often  hap¬ 
pens  in  old  cultures,  they  may  lx!Come  swollen  or  shrunken  and  take  on 
unusual  shapes.  Bacilli  and  spirilla  may  become  long  tangled  filaments. 
In  such  cases  the  bacteria  are  referred  to  as  involution  forms  (Fig.  9:1). 

Certain  species  of  bacilli  arc  able  to  form  resistant  spores  when  con¬ 
ditions  become  unfavorable  for  their  growth.  This  procc.ss  consists  of  a 
condensation  of  the  cell  contents  into  a  spherical  or  ovoid  IxDdy  with  a 
thick  wall,  each  bacillus  being  converted  into  a  single  sjx)rc.  Such  spores 
are  resistant  to  drying,  heat,  and  chemicals. 

2.  CLASSIFICATION 

A  number  of  different  methods  arc  used  to  distinguish  the  different 
kinds  of  bacteria.  These  methods  include  the  determination  of  the  mor¬ 
phological  characteristics  of  the  individual  and  the  colony,  the  occur¬ 
rence  of  the  bacterium  in  nature,  the  way  in  which  it  takes  up  biological 
stains,  the  conditions  under  which  it  can  be  grown  or  cultivated,  includ¬ 
ing  the  requirements  in  food  materials  and  temperature  and  whether 
it  will  grow  in  the  presence  or  absence  of  oxygen,  the  chemical  changes 
which  it  produces,  and  the  pathological  changes  (if  any)  which  it  causes. 
In  the  early  days  of  bacteriology  only  a  few  generic  names  such  as 
Coccus,  Bacillus,  and  Spirillum  were  used.  Now  with  newer  techniques  bac¬ 
teriologists  distinguish  over  one  hundred  different  genera.  This  has  re¬ 
sulted  in  the  substitution  of  many  new  names  for  the  old  ones  and  consid¬ 
erable  confusion  in  the  nomenclature. 

A  detailed  classification  of  the  bacteria  is  beyond  the  scope  of  this  book. 
The  following  is  an  abbreviated  classification  which  emphasizes  the  gen¬ 
eral  relations  of  the  group. 

Classification  of  the  Bacteria  (Class  Schizomycetes)  ^ 

LOWER  BACTERIA  (Order  Eubacteriales).  The  cell  takes  the  form  of  a 
sphere  or  rod,  either  straight  or  curved. 

Family  Nitrobacteriaceae.  Nearly  all  are  rod-shaped  and  live  in  water  or 

soil  and  not  as  parasites.  They  are  able  to  derive  their  energy  from  the  oxida- 

^  Simplified  from  Tanner,  F.  W.,  Bacteriologyy  John  Wiley  &  Sons,  Inc.,  New  V’ork,  1937. 
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tion  of  carbon,  hydrogen,  sulphur,  or  nitrogen,  or  simple  compounds  of 
these.  Examples:  Nitrosomonas,  Azotobacter^  both  soil  bacteria. 

Family  Coccaceae.  Spherical  forms  which  may  divide  in  one,  two,  or 
three  planes.  Cells  may  adhere  in  pairs  {Diplococcus),  in  irregular  groups 
{Staphylococcus),  or  in  chains  {Streptococcus).  Usually  nonmotile  and  without 
spore  formation.  Energy  usually  obtained  from  amino  acids  or  carbohydrates. 
Many  are  parasitic  and  some  are  pathogenic.  Examples:  Diplococcus  {Pneumo¬ 
coccus)  ^  pneumoniae,  the  cause  of  lobar  pneumonia;  Streptococcus;  \eisseria 
{Gonococcus)  gonorrhoeae,  cause  of  gonorrhea;  Xeisseria  {Meningococcus)  intracel- 
lularis,  cause  of  epidemic  meningitis. 

Family  Spirillaceae.  Cells  elongated  and  spirally  curved.  Cell  division 
transverse.  No  spores  formed.  Move  by  means  of  flagella  at  one  end.  Most 
occur  in  water  but  some  are  intestinal  parasites.  Example:  Vibrio  comma  {Mi¬ 
crospirillum  choloreae,  Spirillum  choloreae),  cause  of  Asiatic  cholera. 

Family  Bacteriaceae.  Rod-shaped  bacteria.  Energy  usually  obtained  from 
amino  acids  and  carbohydrates.  Many  are  soil  or  water  bacteria  and  produce 
fermentation.  Some  are  parasites.  Examples:  Eschaichi  {Bacillus)  coli.  the 
harmless  bacillus  of  the  intestine;  Eberthella  typhosa  {Bacillus  typhosus),  cause  of 
typhoid  fever;  Salmonella  (Bacillus)  paratyphi  and  Salmonella  {Bacillus)  schottmuleri. 
cause  of  the  plague  and  Hemophilus  {Bacillus)  pertussis,  cause  of  the  whooping 
cough. 

Family  Bacillaceac.  Rod-shaped  forms  often  forming  long  chains.  Sapro¬ 
phytes  or  parasites.  Examples:  Bacillus  subtilis,  a  large  bacillus  frequently 
found  in  hay  infusions;  Clostridium  {Bacillus)  tetam,  cause  of  tetanus. 

HIGHER  BACEERIA 

Moldlikc  l)act<Tia  (Order  .Actinomycetalcs).  Cecils  elongate,  frequently 
filamentous  and  sometimes  branching.  Examples:  .Mycobacterium  {Bacillus) 
tuberculosis,  cause  of  tuixrrculosis;  Corynebacterium  {Bacillus)  diphtheriae.  cause  of 
diphtheria. 

Sheathed  bacteria  (Order  C’.hlamyclobacieriales).  Filaments  of  cells  with 
sheaths  which  frequently  iK'Comc  impregnated  with  iron  oxide.  Example: 
Cladnthrix,  an  iron  bacterium. 

Sulpliur  bacteria  (Order  'I  hiobacteriales).  O-lls  typically  contain  granules 
of  .sulpliur  and  grow  l>est  in  the  pre.s<*nce  of  hydrogen  sulphide.  Example: 
Thiothrix.  a  sulphur  b.ictc'rium. 

Spirochaetc’s  (()rder  SpinK  h.iet.iles).  Proto/oalike  bacteria.  Gell  takes  the 
form  of  a  long  thin  spir.il  with  .1  w.ivy  motion,  (k'll  division  is  longitudinal. 
I'Aample:  I  uponema  pallidum,  the  c.m.se  of  syjihilis. 

3.  CULTIVATION 

In  sfiulyltig  l)art('ri.'i  it  is  usually  not  enough  simply  to  examine  cT 
.small  (juanlilv  ol  soil  or  water  or  mucus  under  the  micro.scope.  A  special 

'  l’,urutlirjir«  .'iir  syiuiiiyijw 
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technique  is  necessary  to  discover  the  conditions  under  which  the  species 
grows  and  the  effects  which  it  produces. 

Suppose,  for  example,  it  is  desired  to  study  some  of  the  species  of 
bacteria  which  live  in  the  water  in  a  particular  well.  T  he  first  thing  to  be 
done  is  to  obtain  a  sample  of  the  water  uncontaminatcd  with  bacteria 
from  other  sources.  This  can  be  done  by  taking  the  sample  in  a  stoppered 
bottle  which  has  been  previously  sterilized.  1  he  stoppered  Ixjttlc  is 
sterilized  by  heating  it  in  an  oven  to  a  temperature  of 
170°  C  for  an  hour.  This  kills  all  bacteria  which  may  be 
present. 

The  next  step  is  to  grow  or  cultivate  the  organLsms 
without  contamination.  For  this  pur|K)sc  a  sterile  culture 
medium  is  used  which  varies  with  the  type  of  organ¬ 
ism  being  studied.  In  water  analysis  cultures  are  usually 
made  on  nutrient  agar  ’  or  gelatin,  containing  beef  ex¬ 
tract  and  peptone.  This  medium  is  liquid  when  heated 
but  solidifies  to  a  stiff  jelly  when  cooled.  'Fhe  culture 
medium  is  placed  in  a  flask  or  test  tube  closed  with  a 
stopper  of  nonabsorbent  cotton  and  sterilized  in  an 
apparatus  called  an  autoclave  (Fig.  9:2).  This  apparatus 
is  very  similar  to  the  household  steam  sterilizers  used  in 
the  canning  of  fruits.  In  such  an  apparatus  on  account 
of  the  pressure  generated  the  temperature  of  the  culture 
medium  can  be  raised  considerably  alxivc  that  at  which 
it  would  boil  at  atmospheric  pressure.  A  pressure  of  1 5 
to  20  pounds  per  square  inch,  which  corresponds  to  a 
temperature  of  121°  to  126°C,  is  usually  used  and 
maintained  for  a  period  of  20  minutes  to  half  an  hour. 
The  nonabsorbent  cotton  stoppers  ser\’e  to  exclude  bac¬ 
teria  while  at  the  same  time  admitting  an  interchange 
of  gases  and  the  equalization  of  the  pressure  inside  and  outside  the  flask 
or  test  tube.  While  still  hot  the  nutrient  agar  or  gelatin  is  poured  into 
sterilized  flat  glass  dishes  with  covers  called  Petri  dishes.  There,  on  cool¬ 
ing,  it  forms  a  transparent  layer  on  the  bottom  of  the  dish  which  can  be 
examined  with  a  magnifying  glass  or  even  the  low  power  of  the  com¬ 
pound  microscope. 

The  bacteria  in  the  water  sample  must  now  be  transferred  to  the 
nutrient  agar  or  gelatin  in  the  Petri  dishes.  A  small  quantity  of  the  water 
is  taken  from  the  bottle  in  a  sterile  pipette  and  distributed  over  the  agar. 
Usually  a  number  of  different  Petri  dishes  are  used  and  different  quan- 

j  ^  A  substance  obtained  from  a  seaweed  which  forms  a  stiff  jelly. 


Fig.  9:2  An 
autoclave  such  as 
is  used  for  steriliz¬ 
ing  culture  media 
and  instruments. 
From  Buchanan 
and  Buchanan, 
Bacteriology^  The 
Macmillan  Com¬ 
pany. 
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titles  of  water  taken  from  the  sample.  If  the  object  is  to  examine  the  water 
for  the  possible  presence  of  pathogenic  organisms,  the  Petri  dishes  are 
placed  in  an  incubator  which  is  customarily  kept  at  37°  C  (98.6°  F),  the 
temperature  of  the  human  body,  for  about  two  days.  At  this  time  some 
of  the  plates  will  usually  show  numerous  small  colonies  of  bacteria. 


Fig.  9:3  Clulturr  of  bacteria.  A  Petri  disli  showing  the  isolated  colonies  from  which  pure 
( ultures  may  be  secured.  Prom  Hik  hanan  and  Hu*  h.m.in,  BactmolofiYy  1  he  Macmillan 
( Icnnpany. 

which  app(‘ar  to  the  nakt'd  eye  or  under  the  hand  len.s  as  little  round 
[)atehes  on  the  transparent  aear  or  eelatin  (I'iu.  9:3). 

Por  further  study  it  is  best  to  eho<JS('  .i  Petri  dish  in  which  the  colonies 
are  not  .so  numerous  as  to  touch  one  another.  1  he  dilh'rt'iit  colonies  can 
l)e  examined  under  the  micro.scopt*  and  their  characteristics  recorded 
(I’ig.  9:4).  It  is  evident  that  each  colony  has  aristm  from  a  single  bac¬ 
terium  or  |)ossil)ly  a  clumj)  of  baetcaia.  In  the  first  case  it  is  clear  that 
the  bacteria  in  the  ('olony  will  .ill  be  of  the  .same  sjx'cies. 

"ITk*  method  outlined  al)ov('  for  oldaining  cultuia'S  of  b.actc'ria  Irom 
water  .also  provides  a  method  of  estim.ating  tiu*  number  of  bactcaia  p<'r 
cubic  cent imeter  of  wat<*r  in  the  s.unple  which  will  grow  uncha*  th('  con¬ 
ditions  provided  in  tlu'  Petri  dish.  It  is  only  luaa'ssarv  to  me.isuia'  th(' 
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exact  amount  of  water  added  to  the  Petri  dish  and  to  count  the  number 
of  colonies  on  the  agar  or  gelatin  in  the  dish.  A  simple  calculation  then 

gives  the  number  per  cubic  centi¬ 
meter  in  the  sample.  If  it  is  now 
desired  to  study  the  bacteria  of 
one  of  the  colonics  in  further 
detail  a  pure  culture,  i.c.,  one 
containing  only  a  single  species 
of  bacterium,  may  be  obtained 
by  transferring  a  few  bacteria 
from  one  of  the  colonics  on  the 
tip  of  a  sterilized  needle  to  an¬ 
other  Petri  dish  or  test  tube 
containing  fresh  sterile  culture 
medium,  taking  precautions  to 
prevent  contamination  (Fig. 
Fig.  9:4  Bacterial  colonics  on  an  agar  plate.  9:5).  Fhc  Culture  SO  obtained 
Magnified  X  20.  From  Buchanan  and  would  bc  called  a  pure  culture 

Buchanan,  Bmimolog),,  The  Macmillan  Com-  bacteria  whicll  it  contained 

pany. 

all  belonged  to  the  same  species. 
Similar  methods  are  applied  to  the  study  of  bacteria  in  milk,  soil, 
sewage,  and  so  on,  modified  in  each  case  to  suit  the  material  from  which 
the  sample  is  to  be  taken  and  the  kinds  of  bacteria  which  arc  to  bc  studied. 


Fig.  9:5  Subculturing  bacteria  to  isolate  desired  strains.  Transfer  of  bacterial  colonies 
from  Petri  dish  to  test  tube  containing  sterile  culture  media.  Photograph  by  the  Parke 
Davis  Company. 
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By  using  a  culture  medium  of  known  chemical  composition  and 
cultivating  in  it  bacteria  of  a  single  species  it  is  possible  to  investigate  the 
chemical  changes  which  the  bacteria  bring  about  in  it.  As  in  the  case  of 
the  yeast  it  is  also  possible  to  show  that  the  changes  are  usually  promoted 
by  enzymes. 

Like  all  living  things  bacteria  respire,  i.e.,  oxidize  food  materials  to 
obtain  energy.  Bacteria  which  use  the  free  ox\'gen  of  the  atmosphere 
or  oxygen  dissolved  in  their  liquid  environment  are  called  aerobes  (Gr. 
aer,  aeros^  air  +  hios^  life).  On  the  other  hand  there  are  many  species  of 
bacteria  which  do  not  require  free  oxygen  and  are  able  to  obtain  oxygen 
for  their  respiration  from  oxygen  compounds.  This  occurs  in  the  case 
of  bacteria  (and  also  yeast)  which  decompose  glucose  to  form  alcohol 
and  carbon  dioxide. 

CcHnOs  =  2  CoHsOH  +  2  CO2 

Glucose  Ethyl  alcohol 

The  amount  of  energy  available  from  this  type  of  respiration  is  much  less 
than  when  free  oxygen  is  used.  1  his  is  because  the  glucose  molecule  is 
not  completely  oxidized  and  much  of  the  energy  stored  in  it  remains  in 
the  alcohol.  Organisms  which  do  not  require  free  oxygen  for  their  res¬ 
piration  but  can  nevertheless  exist  in  the  presence  of  free  oxygen  and 
utilize  it  for  their  respiration  are  called  facultative  anaerobes  (Gr.  an^ 
without).  There  arc  a  few  organisms  which  not  only  do  not  require  free 
oxygen  but  arc  actually  poisoned  by  it  so  that  they  will  grow  only  in  the 
absence  of  free  oxygen.  Such  organisms  are  called  anaerobes. 

Bacteria  are  frcc|U(*ntly  active  in  breaking  down  organic  compounds. 
T  wo  terms  have  been  used  in  describing  their  action,  fermentation  and 
])Utrcfaction.  Fermentation*  may  be  dehnecl  as  the  d('com|)osition  of 
carbohydrates  by  living  cells.  A  typical  ca.se  is  that  of  tlu*  fermentation 
of  .sugar  by  yeast.  G('rtaiu  species  of  bacteria  ar('  abh'  to  Ita  iuent  mon¬ 
osaccharides  and  (lisaccharich's.  TTie  reaction  may  be  r('j)res(‘nted  as 

Gr.I  I isC \  4-  h  (  >2 - ^  6  (:( >2  -f  (>  I  ) 

T'he  word  “feriiK'utation”  comes  from  .1  b.itin  wijrd  me.miug  “to  lK)il 
and  refers  to  th('  bubbling  due  to  tlu'  carbon  dioxide  given  oil.  I  low('V<'r. 
fermentation  may  occur  without  the  evolution  of  carbon  dioxide:  in 
place  of  il  an  organic'  ac'id  may  be  formed  as  in  the'  .souring  of  milk  whc'u 
the  sugar  lactose’  is  ch.mged  to  hu  t ic  acid.  1  wo  steps  .ire  iuvolvc'd.  first 

'  Soiiir  ;unl)iKiiity  nlf;irhri  to  thr  unr  of  this  trrin  which  is  soiuctimc.s  given  a  much  wiilri 
mr.irung  whi<  h  wotiUI  imlmlr  ptiti rta«  lion. 
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the  lactose  is  hydrolyzed  to  monosaccharides  and  then  the  monosac-  : 
charides  are  changed  to  lactic  acid. 

First  step:  C12H22O11  -h  H2O - GfjHioOe  C6H12O6 

Lactose  Glucoec  G&UctoM 

Second  step:  CeHioOe - ^  2  C3I  leOs 

Glucose  or  Galactose  Lactic  acid 

The  bacteria  concerned  in  this  fermentation  arc  called  lactic  acid  bac¬ 
teria.  They  are  usually  facultative  anaerobes. 

Putrefaction  is  the  dccom[x;sition  of  proteins  and  the  products  of 
protein  breakdown.  The  earlier  stages  in  the  putrefaction  of  proteins 
usually  take  place  in  the  al^scncc  of  oxygen  and  wlien  they  arc  due  to 
bacteria,  the  bacteria  arc  usually  anaerobes.  In  these  stages  the  proteins 
may  be  reduced  to  proteoses,  peptones,  peptids,  and  amino  acids  by 
hydrolysis  (sec  Chap.  6,  .\rt.  1).  Some  of  these  substances  have  foul 
odors  evident  in  the  bad  smells  usually  pre.sent  during  the  early  stages. 
Fhe  later  stages  usually  require  oxygen  and  wlien  caused  by  bacteria,  the 
bacteria  arc  usually  aerobic.  Fhe  amino  acids  are  deaminized,  i.e.,  the 
amino  group,  NHo,  isseparated  oifas  ammonia,  N’lli,  and  decarlx)xylized, 
i.e.,  the  carboxyl  group,  C(X)M,  is  separated  and  carlxjn  dioxide,  CO2, 
is  given  off.  Some  of  the  prcxlucts  of  the  decomposition  of  proteins  are 
poisonous.  Among  them  arc  the  substances  called  ptomaines.  However, 
so-called  ptomaine  poisoning  or  acute  indigestion  from  eating  putrefied 
food  is  usually  due  not  to  the  ptomaines  but  to  bacteria  taken  into  the 
intestine  with  them.  A  few  species  of  bacteria  arc  able  to  decompose  fats 
into  glycerin  and  fatty  acids.  Some  bacteria  form  highly  colored  colonics 
in  culture  dishes  or  tubes. 

Most  pathogenic  bacteria  produce  poisonous  substances  called  toxins. 
Some  species,  for  example  Coryne bacterium  {Bacillus)  diphtheriae,  the  cause 
of  diphtheria,  and  Streptococcus  scarlatinae,  the  cause  of  .scarlet  fever,  ex¬ 
crete  the  toxin  from  their  cell  bodies.  In  this  case  the  toxin  is  called  an 
exotoxin.  In  other  species,  for  example  Eberthclla  (Bacillus)  typhosus,  the 
cause  of  typhoid  fever,  the  toxin  is  not  released  until  after  the  death  of 
the  bacteria  and  is  then  called  an  endotoxin. 

5.  BACTERIA  IN  THE  SOIL 

One  of  the  most  important  activities  of  bacteria  is  the  making  of  nitro¬ 
gen  available  for  other  plants. 

Although  nitrogen  is  the  most  abundant  gas  in  the  atmosphere  and 
is  found  in  combination  in  a  large  number  of  substances  in  nature  the 
nitrogen  available  in  the  soil  for  plant  growth  would  soon  be  exhausted 
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if  it  were  not  replenished.  Nitrogen  is  returned  to  the  soil  mainly  by  the 
decay  and  decomposition  of  the  bodies  of  the  plants  and  animals.  Decay 
and  decomposition  are  brought  about  by  many  different  kinds  of  bacteria 
and  other  fungi.  In  most  cases  the  decay  leads  eventually  to  the  forma¬ 
tion  of  ammonium  compounds.  A  few  plants,  including  many  of  the 

common  cereals  (order  Graminales),  _ 

can  use  ammonium  compounds  as  a 
source  of  nitrogen  but  most  green 
plants  require  nitrates  (e.g.,  KNO3). 

For  these  latter  plants  the  nitrogen  is 
made  available  by  nitrifying  bacteria 
which  form  nitrates  from  the  am¬ 
monium  compounds.  Nitrogen  is  also 
added  to  the  soil  by  bacteria,  called 
nitrogen-fixing  bacteria,  which  arc  able 
to  take  nitrogen  from  the  atmosphere 
and  bring  it  into  combination. 

I  he  formation  of  nitrates  from  am¬ 
monium  compounds  in  tlic  soil  by 
nitrifying  bacteria  takes  place  in  two 
steps.  The  formation  of  nitrites  (e.g., 

KNO2)  from  ammonium  com|>oimds 
which  is  an  oxidative  process  is  brought 
about  by  bacteria  of  the  genus  \itro~ 
somorias  (order  Nitro-bacteriaceae).  fhe 
nitrites  so  produced  are  further  oxidized 
to  form  nitrates  by  another  genus, 

Nitrohneter .  jXitrosomonas  and  .Vitrohacirr 
obtain  the  energy  to  carry  on  their 
vital  functions  from  the.se  oxidations  and  at  the  same  time  supply  nitrate.s 
for  the  u.se  of  other  plants.  They  cannot  carry  on  their  activities  in  a 
soil  which  is  deficient  in  oxygen. 

Nitrogen-fixing  bacteria  occur  free  in  the  s^iil  and  in  a.ssociation 
with  higher  jilants.  A ’otofuirtn  lives  in  tin'  soil.  It  takes  free  gaseous 
nitrogen  from  the  atmosphere  and  (ombines  it  with  other  elements  tt) 
form  nitrogen  conqionnds.  'This,  however,  recjiiires  energy,  flu'  (Uiergy  is 
obtained  from  the  oxidation  of  dec.iving  organic  material.  A  dilferent 
mode  of  life  is  illustrated  bv  Rlu’ohiurn,  another  nitrogen-fixing  l)ae- 
teriinn,  which  lives  in  small  nodules  or  tnbeia  les  in  the  riHits  of  such 
plants  as  the  clover,  pea,  bean,  and  otheis,  belonging  to  the  famil> 
I.egmninosar  of  the  order  KosaU's  (I'ig.  I  hc'se  bac  teria  enter  into 


I  ^  ’ 

\  .  ^ 

rii?.  9:6  Rcxjts  of  a  plant  of  the 
scarlet  runner  txMn  {V‘\is(oius  multi- 
fioTus)  showing  tulx'reles  which  con¬ 
tain  symbiotic  niirogcn-tixing  bac- 
trria.  From  Holm. in  and  Robbins, 
I  fxtbook  J  Cftifuil  liotanv,  by  permis¬ 
sion  of  John  Wiley  &  Sons,  Inc. 
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partnership  with  the  plant,  giving  it  nitrogen  compounds  and  receiving 
in  return  organic  food  materials.  The  association  is  an  excellent  example 
of  symbiosis.  Leguminous  plants,  such  as  clover,  add  nitrogen  com¬ 
pounds  to  the  soil  and  so  are  often  grown  and  “plowed  in”  on  land  that 
has  been  depleted  of  its  nitrogen  by  other  plants.  I'his  practice  has  long 
been  carried  on  by  farmers  as  a  step  in  the  rotation  of  crops. 


Fig.  9:7  The  nitrogen  cycle. 


Sometimes  the  soil  may  contain  an  excess  of  nitrogen  compounds. 
Such  a  condition  is  favorable  for  still  another  group  of  soil  bacteria,  the 
denitrifying  bacteria.  These  reverse  the  action  of  the  nitrifying  bacteria 
changing  nitrates  to  nitrites  and  nitrites  to  ammonium  compounds  or  to 
free  nitrogen.  In  the  latter  case  the  nitrogen  passes  into  the  atmosphere 
and  is  lost  from  the  soil.  Denitrifying  bacteria  may  also  become  active 
when  the  soil  is  deficient  in  oxygen. 

There  is  a  nitrogen  cycle  (Fig.  9:7)  just  as  there  is  a  carbon  cycle. 
The  cycle  may  include  the  free  nitrogen  of  the  atmosphere  or,  as  is  more 
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usually  the  case,  the  nitrogen  may  pass  only  from  one  compound  to  an¬ 
other.  Beginning,  however,  with  the  nitrogen  of  the  atmosphere  this  may 
be  ‘‘fixed”  by  bacteria  either  of  the  Azotobacter  type  which  live  free  in 
soil  or  by  bacteria  of  the  Rhizobium  type  in  the  roots  of  leguminous 
plants.  In  the  latter  case  the  nitrogen  becomes  immediately  available 
to  the  leguminous  plants  and  through  them  to  animals.  In  any  case 
with  the  death  and  decay  of  the  organisms  the  proteins  or  other  nitrog¬ 
enous  compounds  are  decomposed  by  the  bacteria  of  decay  and  finally 
appear  in  the  soil  as  ammonium  compounds.  The  nitrifying  bacteria 
then  change  these,  forming  first  nitrites  and  then  nitrates.  It  is  these 
nitrates  which  are  the  main  source  of  supply  for  the  plant  world  and 
through  it  for  the  animal  world.  A  portion,  probably  always  relatively 
small,  of  these  nitrates  may  be  decomposed  by  denitrijying  bacteria 
and  nitrogen  freed  into  the  atmosphere. 

Sulphur  is  essential  to  all  organisms  and  may  be  said  to  have  a  “cycle.” 
The  foul-smelling  gas,  hydrogen  sulphide,  H^S,  which  is  a  product  of 
organic  decay  is  changed  to  sulphur  and  finally  to  sulphuric  acid,  H2SO4, 
by  sulphur  bacteria  (order  Thiobactcrialcs). 

From  the  point  of  view  of  the  origin  of  life  upon  the  earth  the  nitrify¬ 
ing  bacteria  and  the  sulphur  bacteria  have  an  especial  interest.  They 
are  able  to  carry  on  their  living  processes,  including  the  manufacture 
and  the  utilization  of  food  materials,  without  the  presence  ofother  organic 
matter  or  of  light.  Fhey  obtain  the  energy  from  oxidations,  oxidizing  am¬ 
monia,  nitrites,  hydrogen  sulphide,  or  sulphur,  chemical  reactions  which 
yield  energy,  d  his  energy  is  used  to  build  up  organic  food  substances, 
d  hese  bacteria  thus  make  use  of  chemical  energy  while  green  plants 
utilize  the  energy  of  light,  d’his  method  of  food  manufacture  is  called 
chemosynthesis. 

d  o  the  list  of  soil  bacteria  must  l)c  added  those  spore-forming  parasitic 
forms  which  may  be  there,  d  hese  include  the  spores  of  the  bacteria  which 
cause  tetanus  (lockjaw)  and  gas  gangrene  of  wounds  (prevalent  in  the 
l  irst  World  W^ar).  I  he  spores  of  a  b.icterium  which  give  rise  to  the 
food  poisoning  known  as  botulism  alst)  oi'cur  in  the  soil. 

6.  BACTERIA  IN  WATER 

A  drop  of  rain  water  starting  from  a  cloud  high  above  the  surface  of 
the  earth  may  be  in  the  beginning  free  from  b.jcteria.  As  it  drops  through 
the  atmosphere  it  is  likely  to  collect  dust  .md  the  spores  ol  bacteria  .md 
become  no  longer  sterile.  B.icteria  are  unable  to  grow  and  multiply  in 
(  hemic  ally  ptire  w'ater,  sue  h  as  tliat  ol)t. lined  by  careful  distillation,  but 
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they  may  survive  there  for  a  time.  Bacteria  become  abundant  in  water 
only  when  it  contains  decaying  or  decayed  organic  material.  Such 
material  is  added  to  water  as  it  flows  through  or  over  the  soil.  The 
purity  of  a  mountain  stream  is  proverbial  w  hile  the  contamination  of  a 
muddy  river  is  taken  for  granted.  NIany  species  of  bacteria  ha\c  their 
natural  home  in  the  water  of  i)onds,  rivers,  and  lakes.  Here  they  perform 
a  useful  service  similar  to  that  }>erformcd  by  the  bacteria  of  the  soil, 

causing  decay  and  reducing 
higher  organic  materials  to 
simpler  substances  available  for 
plant  and  animal  life. 

On  account  of  the  necessity 
of  water  as  a  food  for  man  and 
animals  and  the  fact  that  sewage 
may  and  often  does  find  its  way 
into  most  Ixxlies  of  water,  great 
importance  is  attached  to  the 
relation  between  sewage  and 
sources  of  water  supply.  The  in¬ 
testines  of  most  animals,  and 
man  is  no  exception,  harlxir  vast 
numljers  of  bacteria.  Indeed,  the 
Fig.  9:8  Bacterium  coli.  Froin  Buchanan  and  j;omC  animals  are  COm- 

Buchanan,  Bactnioloey.  'ITic  Macmillan  C'oin-  ,  ,  •  i  r  i  .  • 

^  posed  almost  entirely  of  bacteria. 

Many  of  the  forms  are  useful  in 
helping  to  break  down  and  digest  materials  in  the  digestive  tract,  others 
may  cause  disease.  Chief  among  the  diseases  cau.sed  by  intestinal 
bacteria  and  transmitted  through  drinking  water  are  cholera,  typhoid 
fever,  and  many  forms  of  dysentery. 

The  disposal  of  sewage  is  a  very  necessary  and  important  matter. 
The  usual  method  of  disposing  of  the  w'astes  from  the  kitchen  and  bath¬ 
room  is  to  pass  them  into  some  near-by  body  of  water.  If  this  body  of 
water  is  also  the  source  of  the  kitchen  supply  an  excellent  path  for  infec¬ 
tion  is  laid  down.  The  method  by  which  a  sample  of  water  may  be  tested 
for  its  bacterial  content  has  already  been  outlined  in  a  previous  section. 

The  object  of  the  bacteriological  analysis  of  water  is  to  guard  against 
water-borne  infectious  diseases.  Although  the  bacteria  which  cause 
cholera,  typhoid  fever,  and  certain  kinds  of  dysentery^  are  well  known  and 
can  be  obtained  in  pure  cultures,  and  although  there  is  abundant  evi¬ 
dence  from  other  sources  that  the  contamination  of  water,  milk,  or  oysters 
with  these  bacteria  may  cause  epidemics,  it  has  usually  prov'ed  extremely 
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difficult  or  impossible  to  isolate  the  bacteria  from  the  water  supply.  The 
bacteriologist  is,  therefore,  usually  content  with  a  search  for  evidences 
of  contamination  with  other  and  more  abundant  intestinal  bacteria, 
usually  the  colon  bacillus  (Fig.  9:8),  the  presence  of  which  enables  him  to 
report  a  contamination  wath  sewage. 

Modern  methods  of  sewage  disposal  utilize  bacteria  to  promote  decay 
and  ultimately  purify  the  water.  The  sewage  disposal  plants  of  most  of 


Fi{f.  9:9  A  nirwirm  sr\vnf»r  fli*!pc)s.il  pl.mt.  Tlir  ivxlimrnt.ilion  t.inks  wlirrr  .irn>l)ic 
hactrria  arr  at  work  arr  in  thr  Irft  forr^roiirul.  *1  hr  septic  t.inL«  whrrr  .ui.irml  u'  l-.u  trria 
arr  rtiroura^rd  arr  innIrruroiiiKl  sli^»hllv  .ilwvr  and  to  thr  riitht  of  thr  of>rn  tanks.  lir- 
yofjd  thr  srptir  tank.H  and  to  thr  right  of  thrin  .irr  thr  hltrr  Ix'd.s  on  to  which  thr  liquid 
frtjtn  tltr  .Hr[)ti('  tanks  is  l>ring  spravrd  through  thous.inds  tif  .-m.dl  no//lr.s.  IMiotograph  hv 
J.  \V.  Mavor. 

our  large  cities  are  in  reality  bacterioloL’ical  garden;;  where  the  bacteria 
of  decay  are  cultivated  on  a  huce  a  ale.  .After  the  coarser,  in.solul)le 
materials  (sticks,  chiu.t,  lK)nes,  and  soon)  have  Ix'en  removed  l>y  pa.^sage 
thrf)ugh  a  .strainer,  the  sewage  arrives  in  larue  sedimentation  tanks 
where  the  bacteria  of  decay  begin  their  work  and  the  solid  matter  sinks 
to  the  bf)ttom  forming  .sludge.  .So  far  aerobic  bacteria  which  grow  best 
in  the  presence  of  oxygen  have  l>ern  encouraged.  Now  other  b.u  teria  are 
called  into  play.  I'rom  the  surfac  e  of  the  s.edimc'ntation  tank  the  water 
may  pass  to  septic  tanks  from  which  air  i  exc  hided  to  give  the  anaerol>ic 
bacteria  whic  h  flouri  h  in  the  ali'^enc  e  ofoxvgen,  full  pl.i\.  d  hen  it  m.i\' 
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be  squirted  through  the  air  on  to  filter  l>cds  composed  of  small  pieces  of 
stone  coated  with  slime  where  aerobic  bacteria  in  the  presence  of 
oxygen  reduce  the  remaining  organic  matter  to  ammonia  or  ammonium 
salts  (Fig.  9:9).  After  this  thorough  and  lengthy  process  the  water  may 
be  free  from  injurious  bacteria.  However,  if  it  is  to  pass  into  a  source  of 
water  supply  it  is  usually  chlorinated,  i.e.,  treated  with  gaseous  or  liquid 
chlorine. 

7.  THE  PRESERVATION  OF  FOOD 

Fhe  preservation  of  food  materials  is  largely  a  problem  of  preventing 
the  growth  in  them  of  bacteria  or  other  organisms  of  decay  (yeasts  and 
molds).  The  methods  in  use  may  be  classified  in  three  groups:  first,  those 
in  which  the  organisms  of  decay  arc  killed  by  heat  and  the  access  of  moic 
organisms  prevented  j  second,  those  in  which  the  growth  of  such  organ¬ 
isms  as  may  be  present  is  prevented  or  much  retarded  by  cold ;  and  third, 
those  in  which  chemical  substances  arc  added  to  retard  the  growth  of  or 
kill  the  bacteria. 

The  first  method  inv’olvTS  the  sterilization  of  the  material  and  its 
storage  in  sterile,  air-tight  or  at  least  dust-tight  containers,  food  which 
is  not  injured  by  heat  may  be  preserved  by  heating  it  in  a  sealed  con¬ 
tainer  until  all  microorganisms  arc  killed.  T  his  is  the  method  used  in 
canning  factories  where  the  sealed  can  is  heated  to  110®  to  120°  C  for 
20  to  30  minutes  or  longer  depending  on  the  size  of  the  can.  Canned 
food  may  go  bad  cither  through  defective  sealing  of  the  can,  which 
allows  access  of  organisms,  or  through  insufficient  heating.  Many  of  the 
bacteria  which  cause  the  fermentation  of  canned  foods  give  off  gas 
which  may  accumulate  in  sufficient  quantity  to  bulge  or  even  burst  the 
can.  The  development  of  such  organisms  in  a  can  renders  the  food  which 
it  contains  unfit  for  consumption.  Where  heating  to  the  temperature  of 
boiling  water  or  higher  makes  the  material  unpalatable  or  otherwise  less 
suitable  for  food,  pasteurization  (named  after  Louis  Pasteur)  may  lx; 
used.  The  exact  procedure  in  pasteurization  depends  on  the  material  to 
be  pasteurized  and  the  organisms  to  be  guarded  against.  Milk  may  be 
pasteurized  by  heating  in  a  closed  vessel  to  a  temperature  of  60°  to  70°  C 
for  20  to  30  minutes  or  a  temperature  of  80°  to  85°  C  for  1  minute.  This 
treatment  is  effective  in  killing  bacteria  which  do  not  form  spores. 

In  the  second  method  growth  may  be  prevented  or  greatly  reduced  bv 
a  low  temperature.  In  the  preservation  of  food  by  cold  storage,  the 
microorganisms  are  not  killed  but  simply  inhibited  from  developing, 
owing  to  the  temperature.  When  returned  to  room  temperature  food 
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preserved  in  this  way  tends  to  decay  even  more  rapidly  than  fresh  food. 
A  temperature  near  the  freezing  point  is  necessary  to  preserve  most  foods 
for  any  length  of  time.  Even  at  such  temperatures  most  animal  foods 
including  meats,  eggs,  and  fish  undergo  a  slow  process  of  decay;  for 
this  reason  meats  and  fish  are  often  frozen. 

In  the  third  method  preservative  substances  are  added.  Some  of 
these  substances  are  quite  harmless  such  as  sugar  and  salt  which  act  by 
increasing  the  osmotic  pressure  and  plasmolyzing  the  cells  of  the  decay 
organism.  The  use  of  poisons  in  preserving  foods  is  not  to  be  recom¬ 
mended  as  they  may  exercise  the  same  harmful  effect  on  the  organism 
eating  the  food  as  they  do  on  the  decay  organism.  In  certain  cases  the 
products  of  fermentation  prevent  further  bacterial  or  other  growth  and 
are  nevertheless  not  injurious  when  taken  into  the  digestive  tract.  This 
is  the  case  with  sauerkraut  and  dill  pickles. 

Ptomaines  are  produced  by  certain  microorganisms  when  growing  in 
the  absence  of  oxygen.  They  result  from  the  changing  of  an  amino  acid 
into  an  amine.  Some  arc  highly  poisonous.  While  ptomaines  may  be 
produced  in  contaminated  canned  food  where  the  conditions  are  often 
favorable  for  the  growth  of  the  microorganisms  which  produce  them, 
as  stated  under  “Putrefaction, ”  most  cases  of  so-called  ptomaine  poison¬ 
ing  arc  due  either  to  infection  with  pathogenic  bacteria  or  to  bacterial 
poisons  (toxins). 


8.  BACTERIA  IN  INDUSTRY 

In  industry  bacteria  have  two  very  different  and  imiK)rtant  roles 
which  may  lx*  likened  to  those  of  the  hero  .md  the  villain  in  a  play.  I  he 
role  of  the  villain  has  already  bef'n  described  in  the  prc'cautions  necessary 
to  [)reserve  food;  the  role  ol  the  hero  is  j)layed  in  the  manufacture  ol 
food  substances  and  other  useful  m.iteri.ils. 

In  many  of  their  activities  bacteri.i  resemble  the  yeast  [)lant.  .Although 
the  yeasts  do  not  belong  to  the  same  group  of  organisms  as  the  bacteria, 
it  is  convenient  to  rc'fer  to  them  ag.iin  here  on  account  ol  their  industri.il 
importance  and  the  similaritv  between  the  chemic.il  changes  which  thev 
bring  about  and  those  (';iuse<l  bv  bactia  ia.  I  low  the'  ye.ist  |)lant  causes 
fermentation,  in  this  (Mse  the  breaking  down  ol  sugar  into  alcohol  and 
carbon  dioxide,  has  been  brieflv  outlined  in  (liap.  7. 

( lomparat ively  lew  sjH'c  i('s  ol  b.u  ti'ria  are  cap.able  o\  prtxliu'ing 
alcoholic  fermentation  .md  none  .ire  ol  economii'  im|K)rt.mc('  in  thi> 
K’spect.  In  making  beeis,  wines,  .ind  otlu'r  .ilcoholii*  bever.iges  \(Msts 
.irc  used.  Ikicteri.i  .ire,  however,  ol  import. mce  in  c.iusing  the  .spoiling 
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of  wines.  This  can  be  prevented  by  the  pasteurization  of  the  grape 
juice  or  other  material  to  be  fermented  and  then  inoculating  it  with  a 
pure  culture  of  yeast. 

A  number  of  different  bacteria  arc  used  in  making  vinegar  from 
cider,  wines,  and  certain  other  alcoholic  solutions.  Ihe  bacteria  grow 
in  a  film  on  the  surface  of  the  liquid  and  are  active  only  in  the  presence 
of  oxygen.  By  their  action  the  alcohol  is  oxidized  to  form  acetic  acid 
which  is  the  main  constituent  of  vinegar.  Bacteria  are  used  in  the  fer¬ 
mentation  of  cornstarch  to  produce  butyl  alcohol  and  acetone,  organic 
solvents  having  many  important  uses  in  industry. 

The  souring  of  milk  is  a  form  of  fermentation  and  is  due  to  the  for¬ 
mation  of  lactic  acid  from  the  sugar  in  the  milk  by  certain  species  of 
bacteria.  The  ripening  of  cream  jireparatory  to  churning  in  making 
butter  is  in  reality  a  souring  [iroccss.  In  creameries  the  cream  is  usually 
pasteurized  and  inoculated  with  a  [)ure  culture  of  lactic  acid  bacteria. 
Bacteria  also  are  an  important  factor  in  the  manufacture  of  cheese. 

Other  industries  in  which  bacteria  play  an  important  part  are  in  the 
preparation  of  coffee  and  cocoa  where  they  are  used  to  digest  the  cover¬ 
ing  of  the  seeds,  and  in  the  tobacco  industr\'  where  they  arc  used  for 
curing  the  leaves.  The  digestive  action  of  bacteria  is  also  employed  in 
the  textile  industry.  Here  bacteria  are  u.scd  in  retting  or  .separating  the 
fibers  of  hemp  and  flax  {preparatory  to  spinning.  The  process  of  tanning 
hides  in  Icathcrmaking  involves  the  use  of  bacteria. 

9.  BACTERIA  AND  DISEASE 

A.  BACTERIA  AS  A  CAUSE  OF  DISEASE 

Many  theories  have  been  held  as  to  the  nature  and  cause  of  disease. 
Most  savage  and  primitive  peoples  today,  and  the  same  was  probably 
true  of  early  man,  connect  disease  with  magic  and  religion.  Accordingly 
they  believe  that  disease  is  due  either  to  the  entrance  of  evil  spirits  into 
the  body  (demonic  theory)  or  to  the  displeasure  of  the  gods  above  and 
their  punishment  of  man  (punitive  theory).  The  Greek  physician, 
Hippocrates  (460  b.c.),  called  “the  father  of  medicine,”  expounded  the 
theory  (humoral  theory)  that  four  humors  or  liquids  held  sway  ovTr  the 
body,  blood,  phlegm  (mucus),  yellow  bile,  and  black  bile.  In  health 
these  humors  were  present  in  certain  proper  proportions.  When  any  one 
of  them  exceeded  its  proper  proportion  disease  resulted.  This  theory 
found  its  expression  in  bloodletting  and  persists  up  to  the  present  time 
in  certain  countries  where  leeches  are  still  used.  The  old  name  for  a  doctor 
was  “leech.”  The  modern  theory  of  the  cause  and  nature  of  infectious 
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diseases  may  be  called  the  germ  theory.  Although  some  of  the  early 
writers  and  investigators  suggested  that  infectious  diseases  might  be 
caused  by  organisms,  the  modern  theory  and  to  a  large  extent  the  modern 
methods  of  combating  disease  may  be  said  to  have  grown  out  of  the  wnrk 
of  Pasteur  and  Koch. 

Louis  Pasteur  (1822-1895)  started  his  scientific  career  as  a  chemist 
investigating  the  forms  of  tartaric  acid,  an  organic  compound  which 
occurs  as  a  precipitate  in  wine  vats.  Tartaric  acid  exists  in  two  isomeres 
identical  except  for  the  fact  that  one  of  them  rotates  ihe  plane  of  polar¬ 
ized  light  to  the  right,  the  other  to  the  left.  Using  the  sodium  ammonium 
salt  of  the  acid,  Pasteur  was  able  to  show*  that  the  crystals  of  the  isomeres, 
which  were  asymmetrical,  were  mirror  images  and  thus  to  lay  the  foun¬ 
dation  for  the  explanation  of  optical  isomerism  in  terms  of  molecular 
structure.  Pasteur  further  found  that  while  one  of  the  isomeres  was  fer¬ 
mented  by  a  species  of  mold,  Penicillium  glaucum,  the  other  was  not.  This 
seems  to  have  led  him  to  the  study  of  fermentation  and  the  investigation 
of  spontaneous  generation,  then  a  matter  of  scientific  controversy. 
Pasteur  did  much  to  prove  that  fermentation  does  not  occur  without 
the  introduction  of  organisms  and  at  the  same  time  showed  that  the  so- 
called  diseases  of  wines,  vinegar,  and  beer,  which  are  due  to  fermenta¬ 
tion,  can  be  stopped  by  hcatin.;  to  55°  to  60°  C.  a  method  which  is 
now  called  pasteurization  and  applied  extensivrly  to  milk. 

At  the  invitation  of  the  I'rcnch  government  Pasteur  turned  from  his 
investigations  of  fermentation  to  work  upon  a  silkworm  disease  known 
as  pebrinc,  which  threatened  to  ruin  the  silk  industry.  With  singular 
success  he  was  able  to  discover  the  cause  of  the  disease,  a  minute  proto¬ 
zoan  parasite,  and  to  prescribe  the*  precautions  necessary  to  avoid  its 
occurrence. 

Robert  Koch  (1843-1910)  was  a  physician  who  early  liecame  inter¬ 
ested  in  I\'isteur\s  work.  He  invented  special  teclmicjues  for  identifying 
and  making  jiure  cultures  of  bacteria.  Because  of  Its  great  economic  im- 
fiortance  Koch  and  Past('ur  were  led  to  work  on  .i  disease*  of  sheep  called 
anthrax.  Kcxdi  was  first  to  diseover  the  causal  organism.  Uacillus  ant/iKi- 
cis^  and  to  make  a  pure  culture*  of  it.  ( )f  more*  imjiortance  was  his  dis¬ 
covery  that  sh(*(*j)  could  be  made  immune  to  the*  disease  by  injecting 
into  the*m  an  olel  culture*  of  the*  bae  illus  whie'h  had  lost  seiine  oi  its  viru- 
le*ncc.  This  discovery  le*d  to  the*  eleve*le)pme*nt  of  the  science  of  immiinol- 
ogy,  to  be  referre*el  te)  in  a  l.ite*r  se*e'tie)n.  '1  he*se*  discove*rie's  we*re'  made* 
fjuite*  ine le'peMiele*nt ly  by  Paste*ur.  Kex  h  is  alsei  known  as  the*  discovere*!' 
of  Mycohm  Irriittn  tuhrK  ulo  ii.s,  the  e'ause*  e)l  tul)e*rcule)sis,  a  disease  whie  h 
unfortunately  has  ne)l  yie*lele'el  te)  immimole)gical  methoils. 
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Perhaps  the  best  known  work  of  Pasteur,  certainly  the  most  dramatic, 
is  that  on  rabies  or  hydrophobia,  the  disease  transmitted  to  man  by  j 
the  bite  of  a  mad  dog.  By  a  method  similar  to  that  used  in  the  ca.se  of 
anthrax,  Pasteur  was  able  to  prevent  the  on.sct  of  the  fatal  symptoms  of 
the  disease  by  injections  of  gradually  increasing  strength  from  a  culture 
of  the  filterable  virus  *  which  causes  the  disease. 

The  bodies  of  most  animals,  and  the  human  Ixxly  is  no  exception, 
contain  numerous  microorganisms.  Some  of  these,  especially  those  of  the 
intestine,  seem  to  be  desirable  or  even  nccessar\ .  Others  may,  on  occa¬ 
sion,  cause  disease  but  arc  usually  harmless.  Still  others,  uhen  present 
in  sufficient  numbers,  nearly  always  cau.se  di.scase.  Bacteria  which  actu¬ 
ally  cause  disease  do  so  in  one  of  three  ways:  by  breaking  down  or 
splitting  protein  molecules  and  producing  substances  injurious  to  the 
body;  by  secreting  poisons  or  exotoxins;  and  by  forming  within  their 
protoplasm  certain  poisons  or  endotoxins  which  pa.ss  into  the  Ixxly  of 
the  host  when  the  microorganisms  die.  In  giving  rise  to  a  disease  the 
bacteria  may  remain  restricted  to  a  certain  part  of  the  Inxly  as  they  do 
to  the  throat  in  diphtheria,  or  they  may  get  into  the  blood  stream  and 
become  generally  distributed  in  the  Ixxly  as  in  the  case  of  typhoid  fever. 
In  certain  cases  there  may  be  a  focus  of  infection  in  which  bacteria  per¬ 
sist  and  from  which  they  may  from  time  to  time  become  distributed  over 
the  body.  Frequent  foci  of  infection  arc  decayed  teeth,  diseased  tonsils, 
and  infected  sinuses.  Most  disca.scs  arc  sp>ccific  and  are  caused  by  a 
particular  species  of  organism;  others  like  pus  in  a  wound  may  lx:  cau.sed 
by  any  one  or  more  of  a  group  of  organisms. 

The  proof  that  a  specific  microorganism  is  the  primary  cau.se  of  a 
disease  is  often  difficult  since  other  relatively  harmless  bacteria  may  be 
and  often  are  present.  From  his  work  in  discovering  the  tuberculosis 
bacillus  and  proving  that  it  is  the  cause  of  this  disease,  Koch  was  led  to 
put  the  requirements  for  the  proof  in  the  form  of  four  postulates,  called 
Kochs’  postulates: 

1.  The  microorganism  must  be  present  in  all  cases  of  the  disease. 

2.  It  must  be  isolated  from  the  infected  animal  or  man  and  grown  in 
pure  culture. 

3.  The  original  disease  with  its  symptoms  must  be  reproduced  when 
the  microorganism  is  injected  into  a  susceptible  host. 

4.  In  the  case  of  the  induced  disease,  the  microorganisms  must  be 
found  as  in  the  original  case. 

It  has  not  always  been  possible  to  carry  out  this  program  in  the  inves- 

^  See  later  in  this  chapter  under  “filterable  viruses.” 
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tigation  of  diseases,  but  it  represents  the  goal  toward  which  investigators 
strive. 

B.  TRANSMISSION  OF  INFECTIOUS  DISEASES 

Each  species  of  parasite  usually  has  its  own  way  of  entering  the  body 
of  its  host.  The  particular  part  of  the  body  where  it  gains  entrance  to 
the  tissues  is  called  the  portal  of  entry.  The  evidence  available  shows 
that  the  intact  skin  is  an  impassable  barrier  to  bacteria.  Infection  by 
bacteria  through  the  skin  is  possible  only  when  a  cut,  abrasion,  or  other 
interruption  of  its  continuity  exposes  the  underlying  tissues  (Fig.  9:10). 
A  common  portal  of  entry  is  the  mucous  membrane  of  the  nose,  throat, 
and  windpipe  and  the  respiratory  epithelium  of  the  lungs.  This  offers 
an  entrance  to  the  organisms  of  diphtheria,  scarlet  fever,  meningitis, 
tuberculosis  (Fig.  9:11),  and  probably  also  measles,  smallpox,  and  infan¬ 
tile  paralysis.  The  w^all  of  the  digestive  tract  offers  another  favorite  portal. 
Here  enter  the  germs  of  typhoid  fever,  dysenterv',  and  cholera.  The 
microorganisms  causing  hydrophobia,  tetanus  (lockjaw),  and  gas  gan¬ 
grene  usually  enter  the  tissues  through  a  wound  or  scratch.  Of  all  these 
portals  of  entry,  that  involving  the  respiratory  tract  is  the  most  difficult 
to  guard. 

It  is  also  important  to  know'  how  pathogenic  organisms  leave  the  Ixxly. 
Many  leave  by  the  door  at  w'hich  they  entered.  Fhus  those  which  enter 
by  the  skin  often  leave  by  the  same  path  wlien  lx)ils  and  sores  open. 
Those  which  enter  by  ih<*  nose  and  tliroat  leave  in  the  mucus  and  other 
secretions  coughed  up  or  sn(*ezed  out.  Those  which  enter  by  the  intes¬ 
tinal  tract  leave  in  th<‘  leces. 

Most  parasitic  organisms  can  grow'  only  in  those  tissues  to  which  they 
are  adapted.  'Thus  the  bacillus  of  diphtheria  will  grow'  on  the  mucous 
membrane  of  the  l)ack  of  the  throat  but  not  in  the  blood.  The  spirillum 
of  cholera  will  grow  in  the  mucous  membrane  of  the  intestine  but  not  in 
the  throat  or  blocxl.  'The  bacillus  of  tetanus  can  grow  in  a  wound  but 
not  on  the  intestinal  mucous  membrane  or  in  the  blocxl. 

I’ortunately  in  most  cases  the  b.icteria  which  cause  human  diseases 
are  unable  to  grow  and  multiply  outside  the  human  IxxIy  except  under 
special  conditions,  conditions  which  are  usu.dly  found  only  in  the  special 
methods  of  culture  used  in  bacteriological  laboratories.  Thus  the  tetanus 
bacillus  which  causes  Ux  kjaw  will  grow  only  in  the  absence  of  oxygen, 
the  inlluenza  bacillus  re(|uires  the  presence  of  hemoglobin.  However, 
some  pathogenic  bacteria  iire  known  to  develop  under  exceptional  cir- 
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1.  A  section  of  the  normal  skin  just 
after  it  has  been  pierced  by  a  dirty 
pin,  carrying  staphylococci  through 
the  epidermis  into  the  dermis  b**- 
ncath. 


2.  The  early  stages  of  inflammation; 
migration  of  leucocytes  from  the 
swollen  capillaries  tosvard  the  in¬ 
fected  area.  'Hie  skin  in  this  region  is 
liecoming  red,  swollen  and  painful. 


3.  The  accumulation  of  leucocytes 
has  continued  and  now  there  is  a 
mass  of  purulent  exudate  about  the 
germs.  The  boil  has  “come  to  a  head” 
and  the  yellowish,  semiliquid  pus 
(black  in  the  drawing)  can  be  seen 
through  the  thin  layer  of  epidermis 
which  covers  it. 


4.  The  boil  has  finally  ruptured  and 
the  pus  has  escaped,  carrying  with  it 
the  staphylococci.  The  migration  of 
leucocytes  has  ceased  and  the  capil¬ 
laries  arc  returning  to  their  normal 
size.  New  tissue  will  fill  in  the  cavity. 


Fig.  9:10  The  history  of  a  boil.  Adapted  from  C.  P.  Emerson,  Essentials  of  Medicine^ 
courtesy  of  J.  B.  Lippincott  Company. 
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cumstances  in  milk,  and  the  typhoid  bacillus  and  the  cholera  spirillum 
may  multiply  under  certain  conditions  in  water. 

Bacteria  may  be  transferred  in  a  variety  of  ways  from  one  host  to 
another  causing  the  spread  of  the  disease.  Objects  such  as  books,  money, 
postage  stamps,  and  letters  which  are 
passed  from  person  to  person  may  carry 
bacteria,  but  it  is  now  generally  re¬ 
cognized  that  their  role  has  been  much 
overemphasized.  Dishes  and  bathroom 
appliances  constitute  a  much  greater 
risk.  Hot  water  alone  is  not  effective  in 
killing  bacteria.  Soap  is  also  necessary. 

Laundries  have  been  shown  to  be  a  pos¬ 
sible  source  of  infection,  especially  when 
soiled  clothes  are  collected  and  clean 
clothes  delivered  from  the  same  wagon. 

At  one  time  air  was  thought  to  play  an  Fig.  9:11  The  tulxrdc  bacillus, 


important  role  in  the  spread  of  disease,  ^  • 

*  *  nuclianan  and  Buchanan,  Bacttri- 

Modern  experimental  work  has  tended  olog),  1  he  .Macmillan  c:ompany. 
to  negative  this.  “Eminent  students  of 

public  health  have  stated  that  there  is  no  basis  for  the  belief  that  tliose 
living  about  a  hospital  are  more  liable  to  have  eoinnumicable 
disease.”  ' 

Contact  between  diseased  and  healthy  p*ersons  is  the  most  direct  and 
usual  method  of  spreadin-  disease.  The  word  “contact"  is  here  used  to 
include  any  direc't  Iran  ,f<-r  of  infective  nuiierial  such  as  may  occur  when 
a  recently  used  handkerchief  is  jia ssed  from  one  p-erson  to  another,  or  a 
person  coughs  so  as  to  scatter  m. iteri.il  onto  another  person.  Many 
(lisea.ses  are  transmitted  by  insects  some  diseases,  e.g.,  yellow  lever, 
only  by  in.sects.  Many  diH-'rent  kinds  of  l:>acteri.i  are  carried  about  by 
(lies,  f  )lher  diseases  .ire  tr.in.  fern'd  directly  from  higher  animals  to  man, 
e.g.,  hydrophobia  or  r.ibies.  \’arious  .u  tides  of  Io<h1,  such  as  water,  milk, 
fresh  velvet. ibles,  .md  so  on,  m.iy  e.irrv'  dis('ase-producing  b.icteria  and 
be  a  .source  of  infection. 

Cert.'iin  jx'ople  m.iy  c.irry  the  germs  of  a  dise.ise  without  showing  any 
of  the  symptoms  of  the  dise.ise.  d  his  m.iy  hajipen  lielort'  they  “come 
down”  with  the*  dise.ise  or  .liter  ihc'y  h.ive  i ('coxerixl.  1  heri'  are,  how<'ver, 
cert.'iin  jieople  who  m.iy  b(*  immune  to  .i  dise.ise,  but  may  nevertheless 
h.arbor  the  germs  of  the  dise.ise;  these  .ire  the  most  tlangerous  kiiul  and 
arc  e.'illed  carriers. 

'  |■.lH^^rr,  K.  \V  .  j.ihn  Wllrv  ;«ii<t  Son-.  \ur.,  NVw  York.  10^*’.  p.  17«. 


of  tuberculosis.  From 


9:1  SOME  COMMON  COMMUNICABLE  DISEASES 


I 


Paratyphoid  fever  Salmorxflla  paratyphi;  Salmonella  schott-  Discharges  from  the  bowels  4  10  days  Acquiretl  immunity  good;  also 

mulleri  and  bladder  active  by  vaccination 

>  Mmlified  from  Bacteriolof^y  by  E.  VV.  Tanner,  from  a  Rep<»rt  of  a  Committee  of  the  American  Public  Health  .^ssoc.,  Public  Health  Reports,  Aug.  9, 
1935. 
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Whooping  cough  Hemophilus  pertussis  Laryngeal  and  bronchial  dis-  10-16  days  Prolonged  immunity  after  dis- 

(’Pcrtussii)  charges  of  infected  person  ease 

Yellow  fever  A  filterable  virus  Bite  of  infected  moseputo  3-6  days  Permanent  after  disease 
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C  RESISTANCE  AND  IMMUNITY 

The  introduction  of  a  foreign  protein,  i.e.,  a  protein  not  normally 
present  in  the  tissues,  into  the  tissues  of  an  animal  or  plant  may  produce  . 
harmful  results.  In  most  cases,  however,  the  harm  is  prevented  by  the 
production  by  the  animal  or  plant  of  substances  called  antibodies.  I'he 
antibodies  nullify  the  cflect  of  the  foreign  protein  by  combining  with  it 
to  form  some  harmless  substance,  or  causing  its  disintegration  or  precipi¬ 
tation.  Any  substance  which  when  introduced  into  the  tissues  of  an  ani¬ 
mal  or  plant  stimulates  the  formation  of  antilxxlics  is  called  an  antigen. 
Thus  if  a  solution  of  white  of  egg  (albumin)  is  injected  under  the  skin,  a 
substance  is  developed  by  the  Ixxly  which  precipitates  the  white  of  egg. 
Antigens  and  antibodies  are  specifically  related,  i.e.,  a  given  antigen 
stimulates  the  formation  of  a  particular  antibody,  and  a  given  antibody 
acts  to  counteract  a  particular  antigen.  1  he  toxins,  already  mentioned 
as  formed  by  bacteria  and  in  large  measure  the  cause  of  these  injurious 
effects,  act  as  antigens.  || 

The  body  responds  to  bacterial  invasion  in  two  ways.  (1)  Certain  of  1 
the  white  blood  corpuscles  and  certain  cells  lining  the  Ixxly  cavity  have  J 
the  power  to  surround,  absorb,  and  digest  bacteria  and  lor  this  reason 
are  called  ph  agocytes.  (2)  In  response  to  the  presemee  of  the  extracellu-R 
lar  and  endocellular  products  of  the  bacteria,  the  body  produces  anti¬ 
bodies,  which  combat  the  activities  of  the  bacteria.  One  kind  of  anti¬ 
bodies,  called  antitoxins,  arc  produced  in  response  to  toxins.  Another 
kind  cause  bacteria  to  gather  in  clumps  and  are  called  agglutinins;  still 
another  kind,  called  opsonins,  render  bacteria  less  resistant  to  the  attacks 
of  the  phagocytes;  a  fourth  kind  immobilize  bacteria  and  are  called 
precipitins  and  a  fifth  kind,  the  lysins,  dissolve  bacteria. 

It  is  common  knowledge  that  when  a  numlx^r  of  people  are  exposed  to 
infection,  some  show  much  more  resistance  than  others.  Such  people  arej' 
said  to  be  immune  and  the  resistance  which  their  lx)dics  offer  to  infec-l 
tion  is  called  immunity.  Immunity  may  be  either  natural  or  acquiredJ 
Natural  immunity  is  something  a  person  is  born  with.  For  exampleJ 
it  is  known  that  individuals  of  the  white  races  are  in  general  more  rcsist4 
ant  to  tuberculosis  than  the  negro;  while  on  the  other  hand,  the  negrd; 
is  more  resistant  to  malaria  than  the  white  man.  In  any  epidemic  dj 
number  of  individuals  always  escape.  Acquired  immunity  is  something 
acquired  during  one’s  lifetime.  There  are  several  ways  in  which  immuj 
nity  may  be  acquired,  one  of  which  is  a  previous  attack  of  the  diseaselj 
Another  way  is  by  having  the  disease  in  a  very  mild  form.  This  is  thJ 
principle  of  vaccination  for  smallpox.  The  person  who  is  vaccinated  and; 
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in  whom  the  vaccination  has  “taken”  gets  a  mild  attack  of  smallpox 
which  appears  only  as  a  small  pustule  or  pimple  at  the  place  of  inocula¬ 
tion.  This  gives  him  an  acquired  immunity  which  may  last  for  a  number 
of  years.  If  the  vaccination  does  not  “take,”  i.e.,  if  the  pustule  does  not 
appear,  the  person  possesses  a  natural  immunity  to  smallpox. 

Immunity  which  is  acquired  by  a  previous  attack  of  the  disease  is  due 
to  the  fact  that  the  body  continues  to  produce  antibodies  after  recovery 
from  the  disease.  This  kind  of  acquired  immunity  is  called  active  im¬ 
munity.  An  animal  may  be  made  immune  by  injecting  into  it  the  serum 
or  plasma  of  an  animal  that  has  been  made  actively  immune.  The  im¬ 
munity  so  acquired,  which  is  often  ver^'  effective  but  of  short  duration,  is 
called  passive  immunity. 

The  methods  by  which  acquired  immunity  can  be  produced  have  be¬ 
come  of  great  importance  in  the  prevention  and  cure  of  disease.  These 
may  be  briefly  listed  as  follows : 

1.  I'hrough  recovery  from  the  disease  either  contracted  naturally  or 
artificially  produced,  d'his  immunity  may  Ix'  slight  as  after  pneumonia, 
or  more  marked  as  after  diphtheria  and  typhoid  fever,  or  prolonged  as 
after  scarlet  fever. 

2.  By  inoculation  with  the  weakened  strain  of  the  microorganism.  An 
example  of  this  is  the  vaccination  for  smallpox  with  a  weakened  form  of 
the  microorganism  grown  in  llu'  (ow. 

3.  By  the  injection  of  the  microoreani  in  into  tissues  where  they  will 
not  develop.  An  example  of  thi  i  the  inj<'etion  ol  diphtheria  bacilli, 
ty|)hoid  bacilli,  or  cholera  spirilla  just  under  the  skin  which  was  lormerly 
the  practice  but  has  now  been  K'pilacr'd  by  oth(*r  methods  ol  immuniza¬ 
tion.  Although  th(*  bacteria  ar<*  (l('‘^troy('(l  !)>  the  subcutaneous  tissue, 
their  products  cause  the  jiroduc  tion  ol  sul)stances  which  produce  im¬ 
munity. 

4.  I>y  the  injertion  of  bac  teri.il  products  or  their  (1<\k1  bodic's.  .\n  ex¬ 
ample  is  vaceination  for  tyjihoid  lever  by  the  injection  ol  dead  bacteria. 
Here  again  the  I'acterial  jjroducts  c.iiist'  the  production  in  tlu'  animal 
of  immunizing  sul istani cs. 

The  above  loui'  methods  produce*  .m  a('ti\'e  immunity.  I  lu*  lollowing 
method  produces  a  passive  immunity: 

•S.  By  the  injee’tion  ol  the  blood  s<*rum  ol  anim.ils  whic  h  have*  .sur\'i\’ed 
the  disease  or  have  Ix'en  inocul.it('<l  with  l).i(  te'i’ial  jirodiu'ts  to  iiuhua*  the 
formation  ol  antibodie's.  .An  ex.unple  ol  this  is  tlu*  use*  ol  diphtlu'ri.i  .md 
tet.mus  antitoxins. 

A(’f|uir('d  immunity  can  be*  obtaiiu'd  to  the*  lollowing  disc'.ise's:  diph¬ 
theria,  tetanus  (lockjaw),  rabie's  ( hydrojihobi.i ),  ('j)ideiuic  UK'ningitis. 
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typhoid  fever,  scarlet  fever,  smallpox,  plague,  cholera,  measles,  and 
probably  whooping  cough  and  chicken  pox. 

All  factors,  such  as  proper  diet,  exercise,  fresh  air,  and  so  on,  which 
contribute  to  maintaining  the  body  in  a  healthy  condition,  also  increase 
its  resistance  to  bacteria,  and  in  many  cases  attention  to  these  factors  is 
the  only  known  preventive. 

D.  THE  PREPARATION  OF  AN  ANTITOXIN 

A  brief  description  of  the  preparation  of  diphtheria  antitoxin  will 
help  in  understanding  the  preceding  discussion. 

It  is  necessary  first  to  obtain  diphtheria  toxin  of  known  strength.  To 
obtain  this  a  virulent  strain  of  the  diphtheria  bacillus.  Bacillus  diphthrriae, 
is  grown  in  pure  culture  in  broth  (Fig.  9:12).  After  growth  has  continued 
for  from  five  to  nine  days  the  maximum  amount  of  toxin  is  produced. 
The  broth  is  then  filtered  through  a  [xjrcelain  filter  which  allows  the  1 
toxin  to  pass  but  keeps  back  the  bacteria.  Fhus  a  sterile  solution  con¬ 
taining  the  toxin  is  obtained.  By  adding  ammonium  sulphate  to  this 
solution  the  toxin  can  be  precipitated  out.  Fhe  precipitate  Ls  then  dried  in 
a  vacuum  and  a  powder  obtained.  Fhis  dried  toxin  does  not  deteriorate 
when  kept.  One  gram  of  the  powder  may  contain  as  much  as  40,000 
fatal  doses.  The  strength  of  the  toxin  is  determined  by  injecting  it  in 
solution  into  guinea  pigs.  Fhc  standard  unit  for  diphtheria  toxin  is  the 
amount  which,  on  the  average,  when  injected  into  a  guinea  pig  weighing 
250  grams  will  kill  it  at  the  end  of  four  days. 

The  antitoxin  which  is  used  in  the  prevention  and  cure  of  diphtheria  i 
in  human  beings  is  obtained  from  the  blood  of  horses  kept  especially  for  | 
this  purpose.  Only  young,  vigorous,  and  absolutely  healthy  horses  are  I 
used.  Each  horse  is  injected  with  gradually  increasing  doses  of  toxin  until  I 
the  maximum  for  each  horse  is  reached.  This  maximum  is  determined  I 
by  watching  carefully  the  temperature  and  general  condition  of  the  horse.  | 
A  small  amount  of  blood  is  then  taken  from  the  horse  and  allowed  to  f 
form  a  clot  and  the  liquid  portion  or  serum  which  contains  the  antitoxin 
is  withdrawn  under  sterile  conditions.  The  serum  is  then  tested  for  its 
antitoxin  content.  Measured  volumes  of  the  horse  serum  are  injected 
into  guinea  pigs  simultaneously  with  unit  doses  of  toxin  and  the  amount 
of  serum  required  just  to  neutralize  one  unit  of  toxin  determined.  If  this 
test  shows  the  antitoxin  content  of  the  blood  to  be  satisfactory  the  horse  is  " 
bled  on  a  larger  scale  and  larger  quantities  of  serum  obtained.  A  small  r 
quantity  of  preservative  is  added  to  the  serum  and  it  is  ready  to  be  put  up  » 
in  small  sterile  glass  containers  for  distribution  to  physicians.  The  im- 
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munity  conferred  by  the  injection  of  the  antitoxin  is  a  passive  immunity. 
It  is  now  used  chiefly  in  the  treatment  of  the  disease.  When  the  antitoxin 
treatment  is  begun  with  sufficient  amounts  of  the  antitoxin  on  the  first 
day  of  illness  recovery  from  the  disease  is  practically  certain.  For  active 
immunization  against  diphtheria  a  mixture  of  toxin  and  antitoxin  in  a 
proportion  to  leave  an  excess  of  free  toxin,  was  used,  the  pure  toxin 
being  too  dangerous  for  use.  This  method  was  replaced  by  one  in  which 
diphtheria  toxoid  was  used.  The  toxoid  is  obtained  from  the  toxin  by 
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treating  it  with  heat  and  chemicals.  It  is  nonpoisonous  but  is  nevertheless 
capable  of  stimulating  the  formation  of  antitoxin.  More  recently  a  form 
of  toxoid  called  anatoxin  made  by  adding  a  small  quantity  of  formalde¬ 
hyde  (0.4  per  cent)  to  diphtheria  toxin  has  lx‘en  introduced.  1  his  has 
the  advantage  of  not  introducing  horse  serum,  to  which  some  people  are 
sensitive  (allergic). 

Diphtheria  is  mainly  or  almost  entirely  a  disease  of  childhood.  The 
antitoxin  treatment  has  been  extraordinarily  effective  in  reducing  the 
mortality  from  this  disease.  Literally  millions  of  children  arc  saved  each 
year  by  its  application.  Ihc  method  of  preparation  of  tetanus  antitoxin 
is  similar  to  that  of  diphtheria  antitoxin. 

10.  ALLERGY 

Some  people  break  out  with  a  violent  rash  over  the  Ixxly  when  they 
eat  fresh  strawberries,  others  get  hay  fever  when  the  ragweed  blooms  in 
the  autumn,  and  still  others  cannot  sleep  on  a  feather  pillow,  d  hesc  are 
cases  of  allergy  and  the  people  are  said  to  Ije  allergic  to  strawberries, 
ragweed  pollen,  or  feathers,  as  the  case  may  l)e.  They  are  really  particu¬ 
larly  sensitive,  hypersensitive,  to  certain  substances  in  these  materials. 
In  some  instances  drugs  are  the  cause  of  allergic  reactions.  1  hus  skin 
rashes  may  follow  the  taking  of  quinine,  or  the  application  of  iodine  or 
mercuric  chloride  to  the  skin.  .Mthough  not  a  strictly  bacteriological 
phenomenon,  allergy  is  sometimes  of  imjxDrtance  in  the  treatment  of 
disease  or  in  immunological  procedures.  'Lhus  if  a  child  is  sensitive  to 
horse  serum  great  care  may  have  to  Ix!  e.xercised  in  administering  diph¬ 
theria  antitoxin. 

11.  FILTERABLE  VIRUSES 

Until  quite  recently  a  number  of  otherwise  well-known  diseases  re¬ 
sisted  all  attempts  to  discover  visible  causal  organisms.  About  thirty 
years  ago  a  remarkable  fact  was  discovered  regarding  one  of  these,  a 
disease  of  the  leaves  of  the  tobacco  plant,  called,  from  the  irregular  way 
in  which  the  young  leaves  are  attacked,  the  mosaic  disease.  Diseased 
leaves  were  emulsified  or  finely  ground  up  in  water  and  the  watery 
emulsion  filtered  through  a  verv'  fine  sterile  filter  known  to  stop  the  pas¬ 
sage  of  bacteria.  When  some  of  the  filtrate  which  was  proved  to  contain  no 
visible  organisms  was  placed  on  healthy  young  leaves  they  soon  showed 
the  typical  symptoms  of  the  mosai':  disease  and  a  filtered  emulsion  made 
from  their  tissues  was  similarly  efTzetive  in  causing  the  disease  in  other 
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tobacco  plants.  The  results  suggest  that  the  cause  of  the  disease  whether 
it  be  a  living  organism  or  a  nonliving  molecular  complex  is  of  submicro- 
scopic  size.  The  general  term,  filterable  viruses,  has  been  applied  to 
such  agents.  Some  common  diseases  which  are  believed  to  be  caused  by 
filterable  viruses  are  listed  below. 


Plants 


Man 


Mosaic  diseases  of 
Tobacco 
Tomato 


Animals 

Hog  cholera 
Foot-and-mouth  disease 
Distemper  of  dogs 


Smallpox 
Chicken  pox 
Infantile  paralysis 
Hydrophobia 
Mumps 
Measles 

German  measles 
Cxjmmon  colds 
^*cllo^v  fever 


The  filterable  viruses  possc.ss  certain  characters  in  common  which  may 
be  briefly  stated  as  follows: 

1.  d  hey  increase  or  multii^ly  only  in  the  presence  of  living  cells. 

2.  I’heir  activity  is  specific,  e.g.,  the  tobacco  mosaic  virus  attacks  the 
leaves  of  the  tobacco  [dant  only. 

3.  dTiey  cause  characteristic  changes  in  the  infected  cells.  This  is 
especially  true  in  the  case  of  hydrophobiia  where  the  brain  cells  come  to 
contain  certain  well-definefl  and  j)Ositively  identifiable  Iwlies. 

4.  A  high  degree  of  immunity  is  conrerrecl  by  an  attack  of  most  filter¬ 
able  virus  diseases.  "Fhis  is  well  known  in  the  case  of  smallpox.  Rut  the 
commcin  c  old  .seems  to  lx*  an  (wception. 

5.  Most  filterable  virus  diseases  are  highly  infectious,  i.e.,  are  easily 
pas.sed  from  host  to  host. 

Recently  a  protein  has  been  crystalli/ed  from  an  emulsion  ol  di.seased 
tobacco  leav'cs  whi('h  shows  all  th('  properties  of  the  filteiMble  virus  and 
when  applied  to  lu'althy  leaves  c  auses  the  mosaic  disc'ase.  I  he  (|uestion 
whether  a  filler. ible  virus  is  .i  living  org.mism  is  one  whii  h  has  yet  to  be 
answered  for  e.ich  p.articul.ir  case. 

Ro.ssibly  to  be  assoc'i.iled  with  the'  filtc'r.ibh'  \  iruses  are  bacteriophages, 
agents  whieh  arc'  able'  to  eausc'  the'  dc'stiaiclion  ol  b.ic'tc'ri.i.  T  lu'  discoverc'r 
of  bacteriophage'  be'lie've's  it  to  be'  .m  organism  (  ap.ible  ol  passing  through 
filters.  Siiu'c'  tlu'ir  origin. d  diseovc'ry  b.u  le-rioph.ige's  h.W'e'  be'e'U  found  to 
be'  wide'ly  distributed,  .ilmosi  .is  wicle-lv  distrilaite'd  .is  b.uMe'ria.  R.U'terio- 
ph.iges  obtaiiK'd  from  .m  indi\  ielu.il  \n  ho  h. is  just  re'e'ox'c're'd  Irom  a  ge'rm 
discMse  are'  most  ae  live*  .ig.iinsi  the'  ge'rm  of  the'  p.irlicular  dise'.ise'  but 
may  be'  a<  ti\'e'  .igainst  othe'i-  org.misms.  As  .i  de'strove'i*  ol  b.icte'ri.i,  Ixie'- 
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teriophage  would  seem  to  have  practical  application  in  the  cure  of  bac¬ 
terial  diseases.  So  far  this  has  not  proved  to  be  the  case.  Experimental 
studies  have  not  shown  that  it  has  any  effect  on  the  course  of  such  dis¬ 
eases.  Recent  work  tends  to  show  that  bacteriophage  is  not  a  living 
organism  but  more  probably  a  product  of  the  metabolism  of  the  bacteria, 
which,  accumulating,  causes  their  disintegration. 

12.  DRUGS  AND  BACTERIA 

Most  drugs  merely  work  toward  alleviating  the  symptoms  of  a  disease 
rather  than  toward  combating  its  primary  cause,  which  in  an  infection 
is  the  bacteria  or  other  parasitic  organisms.  However,  there  are  a  few 
substances  which  seem  to  be  specific  for  certain  diseases.  One  of  the  first 
of  these  to  become  known  was  quinine.  This  drug  apparently  acts 
directly  to  check  the  growth  and  increase  of  the  malarial  parasite  (a 
protozoan  and  not  a  bacterium)  in  the  blood.  Salvcrsan  and  ncosalvcr- 
san  belong  to  a  class  of  drugs  containing  arsenic  and  are  used  efTectively 
against  Treponema  pallidum,  the  organism  which  causes  syphilis.  Recentlv 
the  various  “sulfa”  drugs  including  sulphanilamidc,  sulphapyridinc, 
and  sulphathiazole  have  proved  very  effective  against  streptococcic  in¬ 
fections,  especially  those  occurring  in  wounds.  They  arc  organic  com¬ 
pounds  containing  sulphur  dcvelop)ed  from  a  red  dye  named  prontosil 
which  was  found  to  have  bactericidal  powers.  Sulphanilamidc  is  effec¬ 
tive  against  infections  due  to  certain  types  of  streptococcus  and  menin¬ 
gococcus,  sulphapyridinc  is  very  effective  in  certain  types  of  pneumonia, 
and  sulphathiazole  is  effective  in  staphylococcal  infections.  More  recently 
a  substance  called  penicillin,  obtained  from  the  mold  Penicillium  natatum,^ 
has  proved  particularly  valuable  in  the  treatment  of  certain  infectious 
diseases.  Following  this  discovery  other  substances  similarly  effective 
against  bacteria  have  been  obtained  from  other  molds  or  mold-like 
bacteria.  The  general  term  antibiotic  agents  is  now  applied  to  such 
substances. 

Penicillin  has  proved  to  be  effective  against  staphylococci,  streptococci, 
pneumococci,  gonococci,  meningococci,  and  the  organism  causing  gas 
gangrene.  Through  its  use  infections  which  formerly  required  weeks  or 
months  for  treatment  can  be  treated  in  a  matter  of  hours  or  days.  It  has 
proved  very  effective  in  many  infections  which  resist  treatment  with 
“sulfa”  drugs.  Penicillin  acts  to  combat  the  bacteria,  the  real  cause  of 
the  disease,  rather  than  merely  to  alleviate  distressing  s>’mptoms. 


^  See  Chap.  17  for  a  brief  description  of  the  preparation  of  p>enicillin. 
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Questions 

1.  Discuss  the  morphology  of  bacteria. 

2.  How  would  you  proceed  to  study  the  bacteria  present  in  a  sample  of  water? 
Suggest  how  you  would  apply  the  method  to  a  sample  of  milk. 

3.  Di.scu.ss  the  autophytic  bacteri.i  in  the  soil.  What  is  chemosynthesis? 

4.  Outline  the  modern  method  of  s<*wage  dis|K)sal. 

5.  Describe  three  methcxls  for  the  preserwition  of  fixxi.  Fxplain  the  bacterio¬ 
logical  j)rinciples  involved. 

6.  Di.scu.ss  the  u.s<*s  f)f  bacteria  in  industry. 

7.  I  I()w  do  bac  teria  cause  disease*.^ 

8.  State  Kocli's  postulates  for  the  pr(K)f  that  a  s|x-cilic  organism  is  the  cause-  ol 
a  di.sea.se. 

9.  Name  the  important  “|>ort.ds  of  entry’’  for  bacteri.i  and  di.se-a.se-s  which  enter 
at  e.'ich  portal. 

H).  Di.scuss  the  transfer  of  b.icteri.i  from  one  host  to  .another  host. 

1  1.  I  low  d(M-.s  the  Innly  ccunb.it  di.se. ise? 

12.  ( il.i.ssify  the  kinds  of  immunity  .uul  st.Ue  how  e.ich  kind  is  brought  .lUiut. 

I  V  N.ime  ten  dis(*.isrs  to  which  immunity  c.m  lx-  .iccpiired. 

I'l.  Descrilie  .i  method  of  obt. lining  diphtheri.i  .mtitoxin. 

la.  Discuss  the  lilter.ible  viruses  Iroiu  the  jx>int  ol  view  ol  (rt)  dise.ises  which 
they  r.iusc-,  (h)  their  n.iture. 
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CHAPTER  10 


Liverworts  and  Mosses 
(Phylum  Bryophyta) 


The  thallophytcs  considered  in  the  two  previous  chapters  are  mosdy 
plants  which  live  in  water  or  decaying  organic  matter  which  contains 
water.  For  such  a  habitat  a  thallus  is  well  adapted.  Rigidity  of  structure 
would  have  no  advantages;  indeed,  it  would  l)c  a  decided  disadvantage 
to  a  floating  plant.  Since  most  of  the  cells  arc  comparatively  near  their 
source  of  food  supply,  the  conduction  of  water  and  food  materials  through 
the  plant  is  not  usually  of  sufficient  imjxDrtance  to  demand  special  con¬ 
ducting  tissues. 

Fhc  earliest  plants  were  undoubtedly  thallophytes  living  in  the  shallow 
water  on  the  shores  of  lakes  or  seas,  f  rom  them  developed  the  land 
plants.  I  fowever,  life  on  land  i.s  a  very  different  matter  fro»n  life  in  water. 
Only  very  gradually  did  fdants  l)ecome  adapted  to  life  on  land  and  the 
f)rocess  texjk  a  very  long  time.  W’e  can  reconstruct  a  number  of  the  steps 
in  this  [jrocess  l)y  studying  some  of  the  primitive  land  plants  which  have 
not  become  completely  adapted  to  a  bind  life.  I  he  familiar  mosses  and 
the  le.ss  familiar  liverworts  are  such  plants. 

1.  THE  LIVERWORTS  (CLASS  HEPATICAE) 

I/iverworts  are  small  inconspicuous  pl.mts  which  grow  best  in  moist, 
shaded  places,  on  the  ground,  on  nx  ks,  on  tre<\s,  or  even  floating  on  the 
surface  of  the  water  of  bogs.  .\  convenient  type  to  study  is  MarchatUta. 

A.  THE  LIFE  CYCLE  OF  MARCHANTIA 

(1)  THE  GAMETOPHYTE 

Mdrduintui  grows  on  the  ground  in  moist  places,  near  s|)rings  or 
waterlalU.  Its  plant  Inuly  reminds  one  of  the  th.illus  of  an  alga.  It  is  a 
flat  br.iiK  hing  struettire,  be.u'ing  on  its  under  side  many  hairlike  strnc- 
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turcs  called  rhizoids  from  their  resemblance  to  roots.  Growth  occurs  by 
the  division  of  certain  cells  located  in  notches  at  the  ends  of  the  [^ranches. 


Fig.  10: 1  A  livenvort,  A f archant ta.  Fe¬ 
male  gametophyte.  Redrawn  after  B<Tgen 
and  Davis,  Principles  oj  Botany^  Ginn  and 
Company. 


Prkra  -Air  spoce  Anfheridium 


Fig.  10:2  .Male  gametophyte 

and  section  of  recept.icle  showing  anther- 
idia.  Redrawn  after  Pool,  Basic  Course  in 
Botany^  Ginn  and  Company. 


Asexual  reproduction  of  the  gametophyte  may  occur  by  means  of 
many-celled  buds  which  arc  giv’cn  off  from  the  Ixjttom  of  cuplike  Ixxlics 
on  the  upper  side  of  the  thallus  (Tig.  10:1).  I  hesc  buds  develop  into  new 
plants  similar  to  their  parents. 


Fig.  10:3  A^larchantia^  an  antheridium.  f'lg-  10:4  Alarchantia.  Sections  of  fe¬ 

male  receptacles  showing,  above,  arche- 
gonia,  and  below,  sporophytes. 
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(2)  SEXUAL  REPRODUCTION 

The  marchantia  plant  also  reproduces  sexually  by  means  of  gametes 
and  because  it  does  so  it  is  called  a  gametophyte  (Gr.  gamete,  wife  + 
phyton,  plant).  The  sexual  organs  are  multicellular  and  are  developed  on 
stalked  umbrellalike  organs  called  receptacles.  Male  and  female  organs 
are  not  found  on  the  same  plant.  The  antheridia  or  male  reproductive 
organs  are  formed  in  pits  on  the  top  of  the  male  receptacles  (Fig.  10:2). 
Each  one  consists  of  a  multicellular  stalked  sac  in  which  numerous  sperms 
are  developed  (Fig.  10:3).  The  female  organs  or  archegonia  grow  out 
on  the  underside  of  the  female  receptacles  (Fig.  10:4).  They  are  flask¬ 
shaped  and  the  body  of  the  flask  or  venter,  which  contains  the  single 
egg,  is  attached  to  the  receptacle,  while  the  neck  of  the  flask  Tangs 
downward.  Water  is  neces.sary  for  fertilization  in  order  that  the  sperm 
may  reach  the  archegonium  and  swim  up  its  neck  to  the  egg. 

(3)  THE  SPOROPHYTE 

Th(t  fertilized  egg  or  zygote  remains  in  the  archegonium  and  develops 
there  into  a  new  plant  entirely  dependent  on  its  parent  for  its  food  and 
water  which  it  absorl)s  through  a  special  organ  called  the  foot  (  Fig.  10:4). 
Because  it  forms  spores  this  plant  is  called  a  sporophyte.  The  spores 
which  it  produces  develop  into  garnetophvtes  similar  to  the  marchantia 
plant  with  wliich  the  flescription  started. 


Archegonium 

Fomole 

recoptocio  ^  — 


Zygote 


Anthendium 


Mole 
recnpfoclo 


Receptacle 
(port  of 
gometophyte 


Young 


gametophyte 

GENERATION 
Young  gometophyte 


bPOROPHYTE 

GENERATION 


Spore  '' 


/ 


-  'G 


Sporophyte 


sporophyte 


Spores  in  tetrad  j 

I  Ilf  till  im  Ic  III  .1  liN'r’rwoii 


Spore  mother  cell 
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(4)  SUMMARY  OF  THE  LIFE  CYCLE  OF  A  LIVERWORT 

The  life  cycle  of  a  liverwort  is  summarized  in  the  diagram  (lug.  10:5). 
A  gametophyte  generation  alternates  with  a  sporophyte  generation. 
The  spore  develops  into  a  gametophyte  which  may  bear  cither  male  or 
female  receptacles.  The  male  receptacles  bear  anthcridia  in  which 
numerous  sperms  develop.  The  female  receptacles  bear  archegonia  in 
each  of  which  a  single  egg  develops.  I'hc  egg  is  fertilized  in  the  archc- 
gonium.  The  zygote  develoj:)s  into  a  sporophyte  which  gives  rise  to  spores 
which  develop  into  sporophylcs  and  continue  the  cycle. 

B.  OTHER  LIVERWORTS 

One  of  the  simplest  of  liverworts  is  Riccia.  This  genus  grows  on  moist 
ground  or  floats  on  water.  I'hc  sex  organs  develop  on  the  surface  of  the 
thallus.  The  sporophyte  takes  the  simple  form  of  a  sphere  of  cells  in  the 
interior  of  which  spores  arc  formed.  Probably  the  most  highly  developed 
liverwort  sporophytes  occur  in  .-Xnthoccros.  In  this  genus  they  take  the 
form  of  tall  stalks,  the  spore-forming  cells  extending  through  the  axis. 
Certain  of  the  cells  of  the  sporophyte  contain  chlorophyll  so  that  the 
plant  is  not  entirely  dependent  on  the  gametophyte  for  its  food.  One 
group  of  liverworts,  called  leafy  liverworts,  arc  frequently  mistaken  for 
mosses  because  the  thallus  is  differentiated  into  a  branching  stem  with 
mosslike  leaves.  The  sporophyte,  however,  is  that  of  a  typical  liverwort. 

2.  THE  MOSSES  (CLASS  MUSCI) 

Mosses  are  more  widely  distributed  than  liverworts  and  some  of  them 
have  become  adapted  to  dry  places.  The  life  history  of  Funaria,  a  not 
uncommon  genus,  is  typical  of  the  group. 

A.  THE  LIFE  CYCLE  OF  A  MOSS  (FUNARIA) 

(1)  THE  GAMETOPHYTE 

The  life  cycle  of  a  moss  includes  two  generations :  a  gametophyte  gen¬ 
eration  in  which  gametes  are  produced  and  a  sporophyte  generation 
which  produces  spores.  The  leafy  moss  plant  as  usually  seen  belongs  to 
the  gametophyte  generation.  Such  a  leafy  moss  plant  consists  of  a  stem 
which  usually  grows  erect,  bearing  leaves  arranged  spirally  on  its  upper 
part  and  at  its  lower  end  rootlike  filamentous  outgrowths  called  rhizoids 
(Gr.  rhiza,  root  +  eidos,  like).  The  stem  and  leaves  of  a  moss  are  com- 
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paratively  simple  structures.  Only  in  the  midribs  of  the  leaves  and  in 
the  axis  of  the  stem  are  the  cells  differentiated  to  perform  special  func¬ 
tions.  Here  occur  elongated  cells  adapted  for  the  conduction  of  water. 

(2)  SEXUAL  REPRODUCTION 

The  sexual  organs  of  the  moss  are  borne  on  the  tips  of  the  stems.  In 
most  species,  the  male  and  female  organs  develop  on  different  stems, 
but  in  some  they  occur  on  the  same  stem. 

The  leaves  near  the  tip  of  the  stem  of  a  mature  male  branch  are  spread 
apart  so  that  the  male  sexual  organs  called  antheridia  appear  as  an 
orange-colored  spot  in  the  center, 
giving  to  the  whole  tip  the  appear¬ 
ance  of  a  miniature  flower  (Fig. 

10:6).  The  orange-colored  spot  in 
the  center  contains  several  anthc- 
ridia  together  with  a  number  of 
club-shaped  bodies  called  para- 
physes  (Fig.  10:7).  Each  anthcrid- 
ium  is  borne  on  a  short  stalk  and 
consists  of  an  elongated  sac  com- 
[jo.scd  of  a  single  layer  of  irregular 
flattened  cells  surrounding  a  central 
mass  of  cells.  ITom  the  central  mass 
of  cells  are  developed  a  large  num¬ 
ber  of  small  curved  sperms  or  an- 
therozoids.  When  sufheient  moisture  is  present  and  the  antherozoids 
are  ripe  the  antheridium  bursts  open  at  its  upper  end,  discharging 
its  contents. 

The  tips  of  the  stems  Ix'aring  the  lemale  sexu.il  organs  are  covered  by 
leaves  (Mg.  10:6).  The  individual  organs,  calk'd  archegonia  (Mg.  10:8), 
are  flask-shaped  structures.  I.ach  is  borne  on  .i  st.ilk  and  consists  of  a 
venter  and  a  neck.  In  tlu'  venter  is  a  relatively  l.irgt'  ('gg  C('I1.  In  the 
axis  of  the  neck  are  canal  ca'lls  which,  when  tlu'  ('gg  Ix'c'onu's  rij)e,  l)reak 
down  info  a  miK'il.iginous  mass  filling  a  (  an.il,  tiu'  neck  canal. 

Fertilization  ('an  occur  only  when  ('nough  wai('r  is  pr('S('nt  for  »m 
anlh('roz()i(l  to  swim  from  an  anllK'iidium  to  an  ar('h('gonium.  In  tlu' 
c  ase  of  ('('rtain  mosses  it  is  not  diflirull  to  show  that  tlu'  antlu'rozoids 
swim  tow'ard  c('!  l.iin  subslaiu cs  siich  as  eaiu'  sug.u*  which  ma\  b(' gi\('n 
off  from  the  i  i|K'  ai  (  Iw'c.onium.  1  !»('  .ml hc'i'ozoids  swim  down  tlu'  neck 
of  iIk'  .uc  hegonium  and  oiu'  of  them  ent('rs  th('  ('gg,  fcriili/ing  it. 


Fij^.  10:6  .\  moss,  Funaria.  Male  and  fc- 

mal('  qamriophytes.  Redrawn  from  Mot- 
tier,  I  fxtbook  of  Botany,  In*  jx'rmission  of 
P.  lilakiston’s  Son  and  Company, 


Fig.  10: h'linaria.  Male  sexual  organs  of  a  moss.  After  Sach.s,  from  Holman  and  Rob¬ 
bins,  Textbook  oj  General  Botany,  by  penuission  of  John  Wiley  &  Sons,  Inc. 


Fig.  10:8  Funaria.  Female  sexual  organs  of  a  moss.  Redrawn  from  Smith,  Overton, 
et  al.,  Textbook  of  General  Botany,  The  Macmillan  Company. 
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(3)  THE  SPOROPHYTE 

After  fertilization  has  occurred  the  zygote  begins  immediately  to  grow 
into  a  sporophyte  by  cell  division  and  cell  growth,  while  still  within  the 
archegonium,  developing  eventually  into  an  elongated  embryo  with  an 
apical  cell  oriented  toward  the  neck  of  the  archegonium.  The  part  of 


Wall  of  venter 
(Gametophyte) 


Fig.  10:9  I  hr  tip  of  .i  frm.ilr  g.mirtophytr  hr. ill*  h  of  .i  moss  .incl  .in  adv.inccd  s}ioro- 
phyir  .IS  srri)  it)  longitiidin.tl  srt  tioo,  srinidi.igr.onniatic.  1  hr  stifiplrd  striictvirr  is  thi 
sporophylr.  Aftrr  S.ichs,  frotn  llohn.in  .)tul  Kohhios,  I fxthook  of  tirnrtal  Botany^  h>  p<i- 
inission  of  Joho  Wilrv  iSr  Soiu,  liu  . 


the  embryo  .|)orophyle  in  (he  lower  portion  ol  (he  archegonium  dilfci- 
entiatf's  into  a  foot  whit  h  e\’entnallv  peiK'trates  into  tlie  tissues  of  (lit 
gameto|)hy(e  and  absorbs  w.iter  .nul  other  food  materials  Irom  it.  I  lt< 
intermediate  jtortion  grows  rapidly  in  length  and  lorms  a  l(^ng  sh'ndt  i 
utalk,  or  seta,  the  axis  of  which  contains  elongated  conducting  cells. 

The  portion  oriented  tow.ird  the  neck  ol  th('  ,irch('gonium  ditlei entiatt  s 
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into  a  capsule  containing  spores  (I*ig.  10:9).  As  the  sporophyte  grows  in 
size  the  wall  of  the  old  archegonium,  which  grows  at  a  corresponding 
rate,  continues  to  enclose  the  young  sporophyte  until  the  stalk  attains  a 
considerable  length  when  it  breaks  away  around  the  base  and  is  carried 
up  as  a  caplike  structure  or  calyptra  covering  the  capsule. 

It  is  in  the  capsule  that  the 
greatest  differentiation  of  the  s|X)ro- 
phyte  occurs  (Fig.  10:10).  The 
amount  of  sjx)re-forining  tissue  in 
the  capsule  is  relatively  small,  much 
space  being  taken  up  by  other  kinds 
of  tissue.  Fhe  central  jxjrtion  of  an 
immature  capsule  consists  of  storage 
and  conducting  tissue,  the  upper 
jxjrtion  of  this  tissue  which  is  called 
the  columella  is  surrounded  by  a 
cylindrical  layer  of  spore-forming 
tissue.  Outside  this  again  are  a 
numlx^r  of  layers  of  tissue  containing 
intercellular  air  spaces  and  cells 
containing  chloroplasts.  The  sporo¬ 
phyte  is  thus  able  to  carry  on  a 
limited  amount  of  photosynthesis. 
The  spore-forming  tissue  develops 
first  into  spore  mother  cells.  Fach 
sjx)rc  mother  cell  divides  into  four 
cells  each  of  which  becomes  a  spore. 
When  the  s|X)res  arc  formed  the  cells 
of  the  columella  disintegrate  leaving 
the  spores  free  in  the  capsule.  W  hilc 
water  is  essential  for  the  sexual  reproduction  of  the  moss,  the  effective 
distribution  of  the  ascxually  produced  spores  requires  that  they  Ix! 
dry  and  not  stuck  together  in  clumps  as  would  be  the  case  were 
they  wet.  The  upper  end  of  the  capsule  is  differentiated  to  form  a 
mechanism  by  which  the  spores  can  pass  out  of  the  capsule  only  in  dry 
weather.  The  outer  layer  of  cells  at  the  upper  end  of  the  capsule  forms  a 
lid,  called  the  operculum,  which  dries  up  and  is  cast  off  when  the  spores 
are  ripe.  Within  the  operculum  are  other  layers  of  cells  which  form  a 
ring  of  teeth  pointing  toward  the  central  portion  which  becomes  the 
opening  of  the  capsule.  These  teeth  are  made  up  of  row’s  of  cells  which 
react  to  the  presence  of  moisture.  When  the  humidity  is  high,  i.e.,  the 
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Fig.  10: 10  Longitudinal  section  of  the 
capsule  of  the  sporophyte  of  a  moss, 
Fiinaria.  The  spores  are  formed  in  the 
sporogenous  or  spore-forming  tissue.  From 
Holman  and  Robbins,  Textbook  oj  Genrral 
Botany^  by  f>ermission  of  John  Wiley  & 
Sons,  Inc. 
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atmosphere  is  moist,  the  teeth  bend  in  toward  the  interior  of  the  capsule, 
closing  the  opening  and  adhering  to  the  spores.  When  the  humidity  is 
low,  i.e.,  the  atmosphere  is  dry,  the  teeth  bend  outward,  opening  the 
capsule  and  carrying  out  with  them  any  spores  which  have  adhered. 

(4)  THE  PROTONEAAA 

When  the  spore  of  a  moss  plant  germinates,  it  gives  rise  to  a  structure 
called  the  protonema  {Gt.  protos,  first  +  nema,  a  thread)  which  resembles 


Fig.  10:11  CJ.imrtoph^'tr  grnrr.ilion  of  .i  I'unnna.  Srnucli.igrainin.itic  drawing 

.sliowing  protonnn.i,  Injd.i,  .ind  onr  g.iinriophorr  or  Irafy  maw  planl.  Redrawn  from 
Smith,  Overton,  ft  al.y  I rxlhook  oj  (ftnfral  Hotim%\  T  he  Maemill.in  Ca)mpany. 

a  branclicd  filamrntoiis  alga  (lag.  10:11).  .\t  inlcrvals  along  the  length 
of  the  protonein.i  knoblike  groups  of  cells  called  buds  arise,  from  these 
biid.s  are  (levelo|)e(l  leafy  moss  plants.  'The  g.imetophyte  generation  of 
the  moss  th('refore  includes  in  .iddition  to  th<*  lealy  moss  plant,  the  pro¬ 
tonema. 

(5)  SUMMARY  OF  THE  LIFE  CYCLE  OF  A  MOSS 
The  life  cycle  of  a  moss  con  ists  ol  an  .dtra  nation  ot  gt'nerations  a 
sexually  reprodut  iiu^,  g.imetophyte  gener.ition  .iltt'rnating  with  .i  spore- 
producing  sporophyte  getu'r.ition  ( I'ig.  10:12).  1  h('  spore  (12)  germi¬ 
nates  ( 1  into  fi  protonem.i  (14)  whi(  h  givc'S  rise  to  buds  which  grow  into 
le.ify  moss  pl.mts  ( 1  ),  whic  h  bear  .mtheridi.i  (2b)  from  which  sperms  (31>) 
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arc  liberated  and  archegonia  (2a)  in  which  eggs  (3a)  are  formed.  1  he 
zygotes  (4)  develop  in  the  archegonia  into  cinbr>o  s|x)rophytes  (5)  which  ) 
grow  in  length  (6)  and  difTercntiate  into  foot,  stalk,  and  ca|)sulc  (7).  < 


4,  the  zygote  resulting  from  their  fusion.  5,  a  young  cinbr>'o  sporophyte  within  the  venter 
of  the  archegoniuin.  6,  sporoph>'te  in  advanced  stage  of  dexelopment,  attached  to  the 
gametophyte  and  surrounded  by  the  enlarged  archegoniuin.  7,  mature  5poroph>lc  at¬ 
tached  to  the  gametophyte.  8,  section  of  the  sporophyte  capsule  showing  the  location  of 
the  spore  mother  cells.  9,  a  sptjre  mother  cell.  10,  two  cells  resulting  from  reduction  divi¬ 
sion  of  the  spore  mother  cell.  1 1,  tetrad  of  spores  resulting  from  the  division  of  the  two 
cells.  12,  a  single  spxjre.  13,  germinating  spore  showing  protonemal  thread  and  rhizoid. 
14,  older  gametophyte  plant  showing  the  buds  which  deN’elop  into  the  leafy  shoots  of 
the  gametoph>lc.  The  stages  from  4  to  9  belong  to  the  sp)oroph>ie  generation,  those  from 
12  to  14  and  1  to  3  to  the  gametophyte  generation.  From  Holman  and  Robbins,  Textbook 
of  General  Botany^  by  p>ermission  of  John  Wiley  &  Sons,  Inc. 

In  the  capsule  (8)  are  developed  the  sp)orc  mother  colls  (9)  which  divide 
first  into  two  cells  (10),  then  into  four  cells  (11),  each  of  which  l>ccomes 
a  spore  (12). 

B.  OTHER  MOSSES 

Nearly  all  mosses  fall  into  one  of  two  ^oups,  the  common  mosses 
(order  Bryales)  and  the  peat  mosses  (order  Sphagnales).  I'he  typ>e 
chosen  for  description,  Funaria,  is  one  of  the  common  mosses.  The  peat 
mosses,  as  their  name  implies,  occur  in  swamps.  There  they  often  make 
up  a  considerable  part  of  the  vegetation.  Their  gametophytes  have  long 
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stems  and  delicate  leaves.  Their  sporophytes  are  somewhat  simpler  in 
structure  than  those  of  the  common  mosses. 
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Questions 

1 .  Why  is  the  sporophy'te  of  a  moss  considered  to  l>e  a  separate  plant  although  it 
remains  attached  to  the  gametophyte? 

2.  What  is  achieved  in  the  life  cycle  hy  the  S|X)rt)phyte  of  a  liverwort  or  moss? 
What  is  achieved  hy  the  gametophyte? 

3.  Compare  a  liverwort  and  a  moss  in  regard  to  (n)  gametophyte  stages, 
(h)  sporophyte  stages. 

4.  Which  would  you  regard  as  the  more  highly  e\olve<l,  a  liverwort  or  a  moss, 
and  why? 

5.  What  in  the  life  cycle  of  the  liverworts  and  mosses  suggests  that  they  were 
evolved  from  water  plants? 

6.  How  does  the  gametophyte  of  a  liverwort  differ  from  an  alga? 

7.  Why  do  mosses  never  grow  to  a  great  height  afx)ve  the  soil? 


CHAPTER  11 

The  Ferns  and  Their  Relatives  j 

(Phylum  Pteridophyta)' 

1 


The  ferns  have  advanced  considerably  beyond  the  liverworts  and 
mosses  in  adaptation  to  life  on  land.  1  his  is  particularly  true  of  the 
sporophyte  which  has  become  a  large  inde|>cndent  plant. 

1.  THE  FERNS  (CLASS  FILICINEAE) 

A.  THE  LIFE  CYCLE  OF  A  FERN  (POLYPODIUM) 

In  the  fern  the  most  conspicuous  and  familiar  stage  in  the  life  cycle  is  ! 
the  sporophyte.  The  discu.ssion  of  the  life  cycle  is  therefore'  commenced 
at  this  stage  rather  than  at  the  gametophyte  stage  as  was  done  in  the 
case  of  the  liverworts  and  mosses,  where  the  gametophyte  stage  was  the 
most  conspicuous  and  familiar. 

(1)  THE  MATURE  SPOROPHYTE 

.\11  that  one  sees  above  ground  of  an  ordinarv'  fern  are  the  leaves, 
which  in  this  case  are  often  called  fronds.  I  he  stem  from  which  the 
fronds  arise  is  underground,  and  in  the  common  wild  ferns  runs  hori¬ 
zontally  (Fig.  11:1)  several  inches  below  the  surface.  Such  an  under¬ 
ground  stem  is  called  a  rhizome  (Or.  rizoma,  a  mass  of  roots).  In  some  “ 
species  and  especially  in  the  |X)ttcd  varieties  the  rhizome  may  be  short  ^ 
and  on  the  ground.  In  the  tropics  and  some  parts  of  the  Southern  Ilemi-  ^ 
sphere  (Tasmania)  tree  ferns  occur  with  erect  cylindrical  stems  which  “ 
may  reach  a  height  of  40  feet.  ^ 

The  tip  of  the  stem  is  the  growing  region  and  new  leaves  arise  there,  t 
In  temperate  countries  like  the  northern  United  States,  the  leaves  of  I  ^ 
most  ferns  die  dowm  in  the  fall  and  new  leaves  grow  up  in  the  spring.  IP 
The  new  leaves  arise  near  the  tip  of  the  stem  and  at  first  are  rolled  up  in  It 

If  the  mosses  have  been  studied  in  detail,  Chap.  12,  The  Alternation  of  Generations  and  Its 
Significance,  may  be  read  before  this  chapter.  Ife 

264  ll 


Art  1  THE  FERNS 


265 


a  very  characteristic  way,  remind¬ 
ing  one  of  the  curved  end  of  a 
violin  scroll.  A  frond  consists  of  a 
relatively  long  stalk  and  a  blade 
which  is  usually  divided  into  nu¬ 
merous  leaflets  or  pinnae.  The  un¬ 
derground  stem  bears  in  addition 
to  the  leaves  numerous  fine  roots. 
A  microscopic  study  of  the  stem 
and  leaves  shows  that  the  cells  are 
differentiated  into  tissues.  These 
tissues  resemble  the  tissues  of  the 
seed  plants  which  will  be  studied 
in  detail  in  a  later  chapter. 

On  the  under  side  of  the  leaves 
occur  brown  spots,  called  sori  (sin¬ 
gular,  sorus).  Magnified,  a  sorus 
is  seen  to  be  a  group  of  sporangia 
(I’ig.  1 1 :2).  I'hich  sporangium  con¬ 
sists  of  a  slender  stalk  and  a  cap¬ 
sule.  The  capsule  is  lens-shaped, 
the  stalk  being  attached  to  the  rim. 
riie  wall  of  the  capsule  is  composed 
of  a  single  layer  of  cells  which  .ire 
thin-walled  except  for  a  band  of 
cells  which  form  a  portion  of  .i 
ring,  or  annulus  (L.  anu/us,  a  ring), 
around  the  rim  fl'ig.  11:3).  The 
walls  of  the  cells  of  the  annulus 
are  thick  between  the  iiulividu.il 
cells  .and  tow.ard  the  center  of  the 
capsule,  while  the  outer  cell  walls 
.are  thin.  The  jiortion  of  the  rim  of 
the  capsule  not  covered  by  the 
.annulus  contains  two  lip  cells. 
Spore  mother  cells,  usu.illy  six¬ 
teen  in  number,  develop  in  the 
Interior  of  the  ca|)sul(\  I’.ach  sjKiia' 
mother  cell  divides  by  two  siuTc's- 
sive  (  ell  divisions  into  four  spores, 
whi(  h  foi-  .1  time  m.iy  remain  to¬ 


ll  i;.  11:1  A  Iniiul  and  rlii/oinr  ol  a  frrn, 
vul^mr. 


riij.  11:2  Trond  of  a  frrn, 
lM^^Iin^  thuTHori  r.u  li  root. lining  a  nmn- 
lirr  ol  angia.  Krdi.iwn  Ifom  llolin.in 
.Old  Kohhins,  I  f\(luH)k  of  (iftirial 
hy  |>ri  iniHMion  of  (ohn  \N  ilry  Sons,  I  nr. 
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gethcr  forming  a  tetrad  (Gr.  tetraSy  four)  of  spores.  1  he  ripe  capsule 
bursts  open  in  dry  weather  along  a  line  separating  the  two  lip  cells.  I  his 


Fig.  1 1:3  Sporangium  of  a  fern,  Polypodiumy  showing  method  of  opening  the  sporangium 
and  ejecting  sp>ores.  A,  sp)orangium  lx*forc  opening;  B,  sporangium  open;  C,  annulus 
springs  back,  ejecting  spores. 


is  brought  about  by  the  annulus.  In  dry  weather  the  cells  of  the  annulus 
lose  water  through  their  thin  outer  walls.  Since  the  inner  and  radial 
walls  of  the  cells  do  not  contract  the  decrease  in  volume  causes  the  an¬ 
nulus  to  straighten  out  and  curve  over,  opening  the  sporangium  at  the 


Fig.  11:4  Early  stages  in  the  development  of  the  gametophyle  of  a  fern,  Polypodium. 
From  Holman  and  Robbins,  Textbook  of  General  Botany'y  by  pjermission  of  John  Wiley  & 
Sons,  Inc. 
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lip  cells  and  tearing  the  side  walls.  Later  the  annulus  springs  back  to  its 
original  position  scattering  any  spores  still  in  the  ruptured  sporangium 
(Fig.  11:3  B).  The  minute  spores  can  float  for  a  considerable  time  in  the 
air  and  are  dispersed  by  the  wind.  Because  it  gives  rise  to  spores,  the 
stage  in  the  life  of  the  fern  which  we  have  been  considering  is  called  a 
sporophyte.  A  leaf  which  bears  sporangia  is  called  a  sporophyll. 


(2)  THE  GAMETOPHYTE 

When  the  spore  of  a  fern  germinates  it  becomes  the  gametophyte,  so 
called  because  it  is  the  generation  which  produces  the  gametes.  In  the 
ferns,  this  structure  is  also  called  a  prothallium  (Fig.  11:4).  Prothallia 
grow  on  moist  ground  and  are  so  small  that  they  are  seldom  seen  except 
by  those  especially  in  search  of  them.  They  arc  green  in  color  and  as 
they  lie  on  the  ground  resemble  minute  leaves,  with  which,  however. 


Fig.  1 1 :  M.iturr  g.iiuriophytr,  piuih.i  Ilium,  ol  .i  Icru  .»s  .srrn  I  rum  llir  \  rnti .»!  .'<m  l.u  r 

From  I  lolm.m  .iiul  Kol)l)in!<,  I  fx(h>Htk  oj  (ifurral  liot<iny\  hy  j)rrmi?isiou  t)l  John  W  ilr\ 
IfH  . 
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they  have  little  in  common.  When  mature,  they  are  sometimes  described 
as  heart-shaped  but  are  often  more  nearly  circular  with  a  notch  at  one 
end  (Fig.  11:5).  At  the  bottom  of  the  notch  is  the  region  of  most  active 
cell  division.  'Fhis  end  of  the  prothallium  is  called  anterior.  At  the  other 
end,  called  posterior,  and  in  the  middle,  numerous  rhizoids  arise  from 
the  under  side.  These  are  elongated  hair-like  cells  which  grow  from  the 
prothallium  down  into  the  ground.  'Fhey  ser\'c  to  anchor  the  prothallium 
and  to  absorb  water  and  dissolved  substances  from  the  ground. 

(3)  SEXUAL  REPRODUCTION 

The  male  sexual  organs  or  antheridia  occur  on  the  under  side  of  the 
prothallium  among  the  rhizoids.  The  female  .sexual  organs  or  archc- 
gonia  arc  found  on  the  under  side  at  the  anterior  end  near  the  notch. 

The  antheridia  of  a  fern  are  small  spherical  IkkIIcs  which  project 
downward  from  the  surface.  A  single  layer  of  chlorophyll-lx'aring  cells 


Fig.  11:6  .\,  an  anlhrridium  of  a  fem;  B,  a  sperm  or  anthcrozoid.  Redrawn  from  Smith, 

Overton,  ft  al.j  Textbook  oj  General  Ilotany,  I  hc  Macmillan  Company. 

forms  a  jacket  which  encloses  a  mass  of  cells,  u.sually  thirty-two  in  num¬ 
ber,  each  of  which  develops  into  a  sperm  or  anthcrozoid  (Fig.  11:6.) 
The  antherozoids  arc  small,  spirally  coiled  cells  with  many  flagella 
at  one  end. 

The  archegonia  arc  partly  imbedded  in  the  prothallium,  only  the 
neck  projecting  from  the  surface  (Fig.  1 1 :7).  Each  contains  an  egg  and, 
in  the  axis  of  the  neck,  a  number  of  canal  cells.  As  the  egg  becomes  ripe 
the  latter  disintegrate,  leaving  the  canal  free  for  the  passage  of  the  an¬ 
therozoids. 

Fertilization,  i.e.,  the  union  of  the  sperm  with  the  egg,  can  occur 
only  when  there  is  sufficient  water  present  for  the  sperm  to  swim  to  the 
neck  of  the  archegonium.  In  the  case  of  the  ferns  it  has  been  shown 
experimentally  that  the  sperms  are  attracted  by  malic  acid  and  it  is 
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believed  that  this  or  some  similar  substance  is  formed  by  the  disintegra¬ 
tion  of  the  canal  cells.  Fertilization  of  the  egg  occurs  while  it  is  still  in 


Fig.  11:7  The  fern.  .\,  nearly  mature  archegonium;  B,  archegonium  at  the  time  of 
entrance  of  antherozoicis.  f  rom  Smith,  Overton,  ct  al.^  Textbook  oj  General  Botany^  The 
Macmillan  Company. 

the  archegonium  and  tlic  zygote  undergoes  its  early  development  there. 
W  hile  still  in  the  archegonium,  the  zygote  Ix'gins  to  develop  into  a 
sporophyte,  i.e.,  the  familiar  fern  plant. 


I  ig.  inn  St.jgrs  ii)  the  (lr\  rinpinrnt  ol  tlie  H|>on)phNlr  of  .i  fern.  A,  four-<'rllril  .sl.Jge, 
I’,  l.itrr  •t.igf,  ltrih.o\n  trinn  ilolin.in  .iml  Kohhins,  Irxtbook  of  Ctenetal  Iiotan)\  l)\  pc'i* 
iun«»ioM  of  |oh»>  Wili’V  ^  Son<,  liu 
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(4)  THE  YOUNG  SPOROPHYTE 

The  difTerent  parts  of  the  sporophyte  arc  early  determined.  The 
single  cell  resulting  from  the  union  of  the  egg  and  S{)crm  divides  first  into 

two  and  then  into  four  cells.  Each  of 
these  four  cells  gives  rise  to  a  different 
part  of  the  s|>orophyte  (Fig.  11:8).  One 
gives  rise  to  the  stem,  another  to  the 
first  leaf,  a  third  to  the  root,  and  the 
fourth  to  a  structure  called  the  foot 
which  grows  into  and  absorbs  nourish¬ 
ment  from  the  proihallium.  Fhe  young 
s|)orophyie  grows  rapidly  and  becomes 
independent  of  its  parent  which  soon 
dies  (Fig.  1 1 :9).  Fhc  root  pushes  its  way 
into  the  soil  and,  branching,  develops 
secondary’  roots.  Fhe  first  or  primary 
leaf  Ix'gins  the  manufacture  of  starch. 
The  stem  l>ecomes  eventually  the  per¬ 
manent  underground  stem  or  rhizome 
from  which  arc  later  developed  more 
roots  and  the  characteristic  leaves  or 
fronds  of  the  fern  (Fig.  11:1).  Usually 
only  a  single  sporophyte  is  formed. 

(5)  SUMAAARY  OF  THE  LIFE  CYCLE 

In  the  life  cycle  of  a  fern  (Fig.  1 1:10)  there  is  an  alternation  of  gen¬ 
erations;  an  asexual  generation,  the  sporo[)hytc,  which  reproduces  by 
means  of  spores  alternates  with  a  sexual  generation,  the  gametophyte, 
which  reproduces  sexually  by  means  of  gametes.  .\  sporophyte  bears 
sporangia  in  which  spore  mother  cells  give  rise  to  tetrads  of  spores.  .X 
spore  develops  into  a  prothallium  on  which  archegonia  and  antheridia 
develop,  respectively,  eggs  and  sperms.  When  a  sperm  unites  with  an  egg 
a  zygote  is  formed  which  develops  into  a  new  sporophyte. 

B.  THE  FERNS  AS  A  GROUP 

There  are  more  than  4000  different  species  of  ferns.  They  are  usually 
easily  distinguished  from  other  plants  by  their  leaves  in  the  form  of 
fronds  and  their  spore-bearing  organs.  Although  widely  distributed  they 
reach  their  greatest  luxuriance  in  the  tropics.  There  large  tree  ferns  30 
to  40  feet  in  height  occur.  Great  tree  ferns  and  especially  large  horsetails 


Fig.  11:9  The  fern.  Young  sporo¬ 
phyte  (shaded)  still  attached  to,  and 
parasitic  upon,  the  gametophyte. 
From  Smith,  Overton,  rf  al..  Text¬ 
book  of  General  Botany,  The  Mac¬ 
millan  Company. 
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Fig.  1 1: 10  Diagrani  of  thr*  life  cycle  of  a  fern. 


and  clul)  mosses  (see  below)  formed  tlie  vast  forests  ol  the  late  Paleozoic 
era  abotit  half  a  billion  years  ai;o  In'fore  the  Howerim;  plants  came  into 
existence. 


2.  THE  HORSETAILS  (CLASS 
EQUISETINEAE) 

Although  dilTerin^  much  in  onlw.ird 
ap[)earance  (I'i^.  11:11)  the  lile  histors  ol 
a  horsetail  is  very  similar  to  that  of  the  fern 
descrilted.  The  conspicuous  ireneration  is 
the  S|K)rophyle.  'I’he  s|)or.mt'i.i  are  borne 
on  special  le.iv'es  or  sporophylls  whic  h 
occur  at  the  tips  of  eertaiu  of  the  stem^ 
where  they  are  arrantted  to  form  cones.  1  he 
.S[)ores,  a.s  in  the  fern,  .ire  .ill  ol  approxi¬ 
mately  the  s.'ime  size  but  .is  is  the  c.ise  in 
scuue  ferns,  they  i<ive  rise  to  two  kinds  of 
^ametophytes,  m.ile  ^.imetophytcs  iKMiini^ 
antheridi.a  and  female  ^.uuetophytes  bear¬ 
ing  archegoni.'i.  'This  may  be  rev’.irded  .is  .i 


t 


l  ig.  11:11  fufuisflurn.  S}X)n>- 
phytr.  Rrtlr.iwn  from  IW'i'grn 
.end  n.ivi:*,  Pnruif^ifx  of  Hottifi), 
(»inn  .imJ  C:omp.mv 
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step  toward  the  differentiation  of  two  types  of  spores  which  is  seen  in 
some  ferns  and  in  the  club  mosses. 


3.  THE  GROUND  PINES  AND  CLUB  MOSSES  {CLASS 
LYCOPODINEAE) 


The  ground  “pines”  (genus  Lycopodium)  (Pig.  11:12)  are  easily  con¬ 
fused  with  the  club  “mosses”  (genus  Selagiriella)  but  may  be  distinguished 

l^y  the  shape  and  arrangement  of 
their  leaves.  T  hese  are  needlelike  and 
arranged  in  spirals  round  the  stem 
in  Lycopodium  while  in  Selaginella  they 
are  arranged  in  four  rows  on  the 
stem,  two  rows  of  smaller  leaves  on 
the  upper  surface  and  two  rows  of 
larger  leaves  at  the  sides.  T  he  most 
im|xjrtant  difl'erence  is,  however,  in 
the  life  histories,  lycopodium  produc¬ 
ing  only  one  kind  of  spore  while  Sela¬ 
ginella  produces  two  kinds  of  spores. 
'  ^  T  he  life  history  of  Selaginella  will  be 

Fig.  11:12  Lycopodium.  Sporophytr.  described  since  it  is  the  more  interest- 
Redrawn  from  I^rgcn  and  Davis,  .  -  ,  .  r  •  r  i 

Principles  of  Botany,  Clinn  and  C^on,-  "IK  ^oni  llic  ,>Oint  of  of  llic 

pany.  evolution  of  the  higher  plants. 


Cones 


Leafy 


A.  THE  LIFE  CYCLE  OF  A  CLUB  MOSS  (SELAGINELLA) 

(1)  THE  SPOROPHYTE 

Most  species  of  Selaginella  are  confined  to  the  tropics.  Usually  there 
is  a  much-branched  creeping  stem  and  small  mo.sslike  leaves.  Some 
species  of  Selaginella  seen  in  greenhouses  are  relatively  large  bushy  plants, 
others  are  small  and  delicate  like  a  moss.  One  species  is  sold  in  stores 
under  the  name  of  “resurrection  moss.”  In  dr)'  weather  this  plant  rolls 
up  into  a  ball.  \Vhen  the  ball  is  moistened  the  branches  unroll  and  be¬ 
come  green. 

The  spore-bearing  leaves,  or  sporophylls,  form  compact  cones  (Fig. 
11:13)  on  the  ends  of  the  branches.  Each  leaf  carries  a  single  sporangium 
but  the  sporangium  is  really  formed  from  the  stem  just  above  the  leaf. 
Two  kinds  of  spores  are  produced  in  the  cone,  a  condition  referred  to  as 
heterospory  (Gr.  heteros^  different).  One  kind,  called  microspores 
(Gr.  micros,  small),  are  small  and  give  rise  to  male  gametophytes.  The  I 
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other  kind,  called  megaspores  (Gr.  megas^  great),  are  larger  and  give 
rise  to  female  gametophytes.  The  microspores  are  borne  in  microspo¬ 
rangia  on  the  upper  part  of  the  cone  while  the  megasporangia  occur  on 
the  lower  part. 


Fig.  11:13  Srlaqinrlla  marlrnsit.  .X,  branch  iM-aring  cones;  H,  inner  face  of  a  inegasporophyll 
.showing  the  mega.sporangiuin;  C’,  two  views  of  mcga.s{K)rrs;  O,  inner  face  ol  inicrosjxjro- 
phyll  showing  rnicrosjjorangium;  F,  ini(  ros|x)rcs:  1',  di.igr.nn  of  a  longitudinal  section  of 
a  cone  with  two  tnegasporophylls  Indow  and  three  inicros|K^rophylls  alx)ve.  Reprinted 
from  Bergen  and  Davis,  Princifilrs  oj  liolany,  (unn  and  C’omj)any. 

(2)  THE  GAMETOPHYTE 

Within  (he  microsporc  a  minute,  degenerate,  male  gametophyle 
develops,  riiis  consists  of  a  single  j)rothalli.il  et'll  which  rej)resenls  the 
entire  |)rothallns  of  a  fern  .md  two  gronj)s  of  spt'rm  mother  cells  which 
give  rise  to  numerous  motile  (l.igellated  sperms  (Fig.  11:1*1)  which  art* 
.set  free  when  moisture  is  available. 

The  megasj)oi’e  gi\'es  rise  to  a  ft'inah'  gametophyte  which  begins  its 
development  while  still  in  the  sporangium  and  never  bt'comes  an  inde- 
j)endenl  plant;  like  the  mah*  gametophytt*  it  is  .i  rel.tti\('ly  sm.dl  and 
degeneiate  structure.  When  it  is  hilly  dex’eloped  one  end  bulgt'S  Irom  th(' 
spore  ease.  (  )n  the  ('\pos<'d  surlact*  ai'c  .i  h'w  archegoni.t  (I'ig.  11:1*0 
each  eonfainiiu;  .i  single  eivg.  I'ertili/.ilion  is  possibh'  only  wht'n  tlu'rt'  is 
.sulli(  lent  moisture  Iim  a  sp('rm  to  swim  to  .m  ai'('h(‘gonium.  In  .si)m(' 
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cases,  however,  microspores  may  fall  on  the  cone  in  the  vicinity  of  a 
megasporangium,  in  which  case  only  a  small  amount  of  moisture  is  re¬ 
quired. 


Fig.  11:14  Thegamctophytcs  and  cmbr>'oof  Srlaginella.  A,  male  gamctophyte  contained 
within  the  microspore;  />,  persistent  nucleus  of  prothallial  cell;  j,  two  groups  of  sperm 
mother  cells.  B,  two-ciliated  sperms.  C,  female  gametophytc  containing  an  embryo  sporo- 
phyte;  a,  archegonium;  r,  rhizoids,  Sus^  suspensor.  D,  young  sporophytes  held  by  the 
spore  leaves  of  the  cone.  E,  a  young  sp>orophyte  still  attached  to  the  megasp>ore.  B,  after 
Balajeff;  A,  C,  D  from  Miss  Lyon.  Reprinted  from  Bergen  and  Davis,  Principles  of  Botany ^ 
Ginn  and  Company. 


(3)  THE  YOUNG  SPOROPHYTE 

The  zygote  develops  into  an  embryo  sporophyte  which  begins  its 
development  within  the  female  gametophytc  (Fig.  11:14)  and  this  may 
occur  even  while  the  latter  is  still  in  the  sporangium.  In  addition  to  the 
foot,  stem,  and  root  of  the  fern  embryo  the  embryo  of  Selaginella  de¬ 
velops  a  spiral  organ  called  the  suspensor  which  forces  the  young  plant 
down  into  the  tissues  of  the  gametophytc  where  it  obtains  protection 
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and  nourishment.  A  suspensor  is  found  in  the  embryo  of  the  higher 
plants. 


(4)  SUMMARY  OF  THE  LIFE  CYCLE 

The  life  cycle  of  Selaginella  (Fig.  11:15)  may  be  compared  with  that 
of  a  fern,  the  chief  differences  being  the  formation  of  microspores  and 


rncgasporcs  in  inicrosporangia  and  nK-gas[)orangia  and  tlic  degenerate 
nature  of  the  male  and  female  gametopliytes  which  are  dependent  on 
the  sporophyte. 


Topical  Outline  of  Chapter  11 


The  ferns  (cl.iss  I'ilicine.ie) 

264 

A.  'ITic  life  eyrie  of  a  fern  {Poljf  odium) 

264 

(1)  'I’he  manire  sporophyte 

264 

(2)  The  Rainetophyte 

267 

(3)  Sexn.il  reproduction 

268 

(4)  I’he  youni;  sporopliyte 

270 

(S)  Suinin.uy  of  the  life  cycle 

270 

li.  'ITic  ferns  .is  .i  e.roup 

270 

276 


THE  FERNS  AND  THEIR  RELATIVES  Ch,  11 


2.  The  horsetails  (class  Equisetineae)  271 

3.  The  ground  pines  and  club  mosses  (class  Lycopodincae)  272 

A.  The  life  cycle  of  a  club  moss  {Selaginella)  212 

(1)  The  sporophyte  272 

(2)  The  gametophyte  273 

(3)  The  young  sporophyte  274 

(4)  Summary  of  the  life  cycle  275 


Questions 

1.  Compare  the  life  cycle  of  a  fern  with  that  of  a  moss. 

2.  In  what  respects  is  a  fern  Ijetter  adapted  to  life  on  land  than  a  moss? 

3.  Compare  the  life  cycle  of  Selaginella  with  that  of  a  fern. 

4.  What  is  heterospory?  To  what  differences  in  the  gametophytes  does  it  give 
rise? 

5.  What  is  the  function  of  the  susp>cnsor? 

Suggestions  for  Further  Reading 

Campbell,  Douglas  H.,  The  Structure  and  Development  oj  the  Mosses  and  Ferns^  The 
Macmillan  Company,  New  York,  1918. 


CHAPTER  12 


The  Alternation  of  Generations 
and  Its  Significance 


1.  THE  SIGNIFICANCE  OF  THE  ALTERNATION  OF  GENERATIONS 

To  survive  and  be  biologically  successful  a  plant  must  not  only  be  able 
to  grow.  It  must  be  able  to  produce  new  individuals  and  ensure  that  they 
will  find  a  livelihood.  We  shall  sec  later  that  really  new  individuals  arc 
produced  only  by  sexual  reproduction.  Sexual  reproduction  to  be  most 
c'Tcctivc  in  producing  new  individuals  involves  the  union  of  male  and 
female  gametes  from  difTcrent  plants  —  a  j^roccss  called  cross  fertiliza¬ 
tion.  Thus  the  problem  of  fertilization  must  be  solved  in  each  species  of 
plant.  If  a  young  plant  is  to  survive  it  must  reach  a  suitable  location 
where  it  will  find  the  raw  materials  for  the  manufacture  of  its  food  and 
not  be  crowded  out  by  other  plants.  'This  is  the  problem  of  dispersal 
which  must  also  be  solved  if  the  species  is  to  continue,  d'hese  two  prob¬ 
lems,  fertilization  and  dispersal,  are  simplified  in  the  .\lgae  because  they 
live  in  water.  I’ertilization  is  facilitated  l)y  either  both  gametes  (C7o- 
l/irix),  or  one  kind  only,  the  sperm  (Onlo^oniurn,  Fucus),  swimming  through 
the  water.  Distribution  of  th('  zygotes  is  aided  by  water  currents. 

liOtfi  these  probhuns  become  more  complex  in  the  ca.se  of  a  land 
plant,  d’hey  are  solved  by  the  mo.s.ses  and  ferns  by  the  division  of  the 
life  cycle  into  two  S('[)ar.ite  generations  and  the  adaptation  of  each 
generation  to  the  solution  of  one  of  th('  prol)lc'ins;  the  gainetophyte  looks 
after  se.xual  rej)rodu('tion  and  soU’es  the  j)roblem  of  l('rtilization  while 
the  sporoj)hyte,  by  producing  minut(*  wind-boriu'  spores,  provides  lor 
distribution.  With  this  division  of  l.ibor  structural  diflert'iitiation  has 
gone  hand  in  hand,  so  that  the  ganu'tophytc'  is  a  very  different  plant 
from  th('  S|)orophyte. 

d’lie  stiiictural  diflerenccs  Ix'twec'u  th('  gam('tophyt('  and  sporoj)hyte 
geiu'iations  extend  ev('n  to  the  niu'lei  ol  tlu'ir  ('ells,  liuh'c'd  th('  nucU'.ir 
(lill('reii(  ('s  prob.ibly  ('onstitute  the  most  fundamental  diflerc'nces  be- 
twc'en  tlx'in.  'They  invol\'('  .1  <  \('le  of  ('hane,('s  to  which  w('  will  now  turn 
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2.  THE  NUCLEAR  CYCLE  IN  THE  ALTERNATION  OF  GENERATIONS 

In  a  previous  chapter  (Chap.  4)  the  complicated  process  of  nuclear 
division  referred  to  as  mitosis  was  described.  It  will  be  remembered 
that  in  this  process  certain  important  structures  called  chromosomes 
became  evident  and  underwent  longitudinal  division  so  that  each 
of  the  daughter  cells  came  to  have  the  same  number  of  chromo¬ 
somes  and  the  same  kind  of  chromosomes  as  the  parent  cell.  This  is  the 
usual  method  of  nuclear  division  and  generally  occurs  whenever  cells 
divide. 

A.  THE  GAMETOPHYTE  NUCLEI 

When  the  spore  of  a  moss  or  fern  germinates  and  develops  into  a  game- 
tophyte,  the  cells  divide  in  the  usual  way  and  the  nuclei  go  through  the 

b  a 

rw 

C  6 

Prophase  Metaphase  Telophase 

Fig.  12: 1  Cell  division  in  the  gainetophylc  of  a  fern.  For  the  sake  of  simplicity  the  num¬ 
ber  of  chromosomes  has  been  assumed  to  be  three,  a,  6,  r,  chromosomes. 

usual  phases  of  mitotic  division.  The  nuclei  of  most  of  the  species  of 
ferns  which  have  been  investigated  contain  rather  large  numbers  of 
chromosomes.  However,  for  the  purposes  of  description  we  will  assume 
the  number  in  the  spore  nucleus  to  be  three  (Fig.  12:1).  When  this 
nucleus  divides  each  of  the  daughter  nuclei  contains  three  chromosomes 
and  the  same  will  be  the  case  in  all  the  cell  divisions  leading  to  the  ma¬ 
ture  gametophyte.  When  the  eggs  and  sperm  are  formed  in  the  arche- 
gonia  and  antheridia  each  egg  contains  three  chromosomes  and  each 
sperm  also  three  chromosomes. 

B.  FERTILIZATION 

When  the  sperm  and  egg  unite  each  brings  its  three  chromosomes  to 
the  zygote;  in  consequence  the  zygote  nucleus  has  six  chromosomes 
which  consist  of  two  corresponding  sets  of  three  each  (Fig.  12:2).  Ex¬ 
pressed  in  another  way,  while  the  gametophyte  nuclei  contain  single 
chromosomes,  the  zygote  nucleus  contains  pairs  of  chromosomes  (in  this 
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case  three  pairs)  one  member  of  each  pair  being  contributed  by  the  male 
gamete  and  the  other  by  the  female  gamete.  Two  chromosomes  which 
constitute  such  a  pair  are  said  to  be  homologous  (Gr.  homos^  the  same). 
Thus  the  gametes  contribute  homologous  chromosomes. 


Egg 


First  cell  division 
of  sporophyte 


Second  cell  division 
of  sporophyte 


Fig.  12:2  Nuclear  changes  in  the  life  cycle  of  a  pteridoph>'te.  Formation  of  the  zygote 
nucleus  by  the  sperm  and  egg  nuclei  and  the  division  of  the  zygote  nucleus  to  form  the 
nuclei  of  the  cells  of  the  sporophyte.  a,  6,  r,  chromosomes  of  egg.  a\  b\  c'  chromosomes  of 
sperm. 


C.  THE  SPOROPHYTE  NUCLEI 

When  the  zygote  divides  each  of  the  nuclei  of  the  two  daughter  cells 
contains  six  chromosomes,  or  three  pairs,  the  zygote  nucleus  having 
divided  by  the  usual  process  of  mitosis  and  each  of  its  chromosomes 
having  divided  longitudinally.  I  he  same  process  is  repeated  during  the 
entire  development  of  the  sporophyte. 

It  has  been  .seen  that  the  difference  between  the  nuclei  of  the  gameto- 
phyte  cells  and  those  of  the  sporophyte  cells  invoK’es  more  than  merely 
the  number  of  chromosomes.  .\  nucleus  which  contains  only  single 
chromosomes,  as  is  the  case  in  (he  gametophyte  nuclei  and  the  nuclei  of 
the  gametes,  is  ternu'd  haploid  (Gr.  haploos,  simple)  while  a  nucleus 
which  contains  pairs  of  chromosomes,  as  is  the  case  in  the  sporophyte 
nuclei,  is  termed  diploid  ((ir.  diploos,  double). 


D.  SPORE  FORMATION 

Since  each  sjK)re  cont.iins  only  half  tin*  number  of  chromo.somes  in  a 
spore  mother  cell  (in  the  <'x.unple  chosen  the  Sj)ore  contains  three 
chromosonu's  and  the  spoit*  mother  (  ('11  six  chromosomes)  it  is  clear  that 
the  numlx'r  of  chromosome's  Ix'e'onu's  re'duce'd  to  hall  in  tlu'  |)rocess  ol 
spore  formation.  The  |)r(x'('ss  by  which  tlu'  numb('r  ol  chromosomes  is 
reduced  is  (’alh'd  inciosis  ’  ((h*.  rnnoun,  to  mak('  sm.ilh'r).  Nh'iosis  really 

'  I  lir  prfM  TM  (if  tnrio^ifi  iUict  its  trl.uion  to  thr  of  hrrrditiuy  chariu'tri  is(ic5  is 

(liM  iKiird  iti  rnf)rr  drt.iil  in  (  Ih.ip.  M,  I  hr  IMiysir.d  H.isis  of  I  Iri rdily,  .»nd  (  h.ip.  Hrirditv. 
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consists  of  two  nuclear  divisions  accompanied  by  only  one  division  of 
the  chromosomes  (Fig.  12:3).  Actually  the  process  is  somewhat  com¬ 
plicated  and  differs  considerably  in  different  cases. 

The  nuclear  changes  in  mosses  and  liverworts  are  similar  to  those  in 
the  fern;  the  gametophyte  generation  is  haploid  and  the  sporophyte 
generation  diploid;  meiosis  occurs  when  the  spore  mother  cells  form 
spores. 


Fig.  12:3  The  reduction  of  the  chromosomes  during  spore  foriruition.  A,  a  spore  motlier 
cell  in  the  diploid  condition  with  three  pairs  of  homologous  chromosomes,  o,  r,  chromo¬ 
somes  of  maternal  origin;  a\  b\  c\  chromosomes  of  paternal  origin.  B,  the  daughter 
nuclei  formed  by  the  first  nuclear  division.  The  homologous  chromosomes  have  sc-parated 
into  different  nuclei  and  are  dividing  longitudinally.  C,  a  tetrad  of  four  spores  formed  by 
the  second  division.  The  spores  differ  in  the  origin  of  the  chromosomes  on  their  nuclei. 
In  two  of  them  the  chromosomes  are  a,  A,  and  c\  in  the  other  two  they  arc  a\  b\  and  c. 


3.  THE  IMPORTANCE  OF  THE  NUCLEUS 

A.  THE  NUCLEUS  IN  THE  LIFE  CYCLE 

We  have  seen  that  the  nuclei  of  the  cells  of  the  gametophyte  are 
haploid  while  those  of  the  cells  of  the  sporophyte  arc  diploid.  T  his  is  the 
basis  for  regarding  the  gametophyte  and  the  sporophyte  as  entirely  dif¬ 
ferent  plants,  both  in  structure  and  in  mode  of  reproduction. 

B.  FERTILIZATION  AND  REDUCTION 

JThe  nuclei  of  the  cells  of  the  gametophyte  and  of  the  gametes  arc 
haploid.  Fertilization  leads  to  the  formation  of  a  diploid  zygote.  The 
nuclei  of  all  the  cells  of  the  zygote,  including  the  spore  mother  cells, 
are  diploid.  The  process  of  meiosis  leads  to  the  formation  of  four  haploid 
spores  from  each  spore  mother  cell.  The  haploid  spores  develop  into 
haploid  gametophytes.  Thus  at  fertilization  the  chromosome  numjper  is 
doubled  and  at  meiosis  it  is  halved. 


C.  THE  REASSORTMENT  OF  THE  CHROMOSOMES 

A  diploid  nucleus  contains  not  only  twice  the  number  of  chromosomes 
in  a  haploid  nucleus,  but  its  chromosomes  consist  of  as  many  pairs  of 
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homologous  chromosomes  as  there  are  single  chromosomes  in  the  hap¬ 
loid  nucleus.  At  meiosis  the  homologous  chromosomes  are  separated,  the 
members  of  a  pair  going  to  different  spores.  The  different  spores  give 
rise  to  gametophytes  with  different  nuclei.  The  union  of  gametes  from 
different  gametophytes  leads  to  a  still  further  reassortment  of  the  chro¬ 
mosomes  in  the  new  zygote  (Fig.  12:3). 

4.  THE  DIFFERENTIATION  OF  THE  GAMETOPHYTE  AND 
SPOROPHYTE 

Hand  in  hand  with  the  differentiation  of  the  gametophyte  as  a  sexu¬ 
ally  reproducing  plant,  and  the  sporophyte  as  an  asexually  reproducing 
sporulating  plant,  has  gone  a  differentiation  of  the  vegetative  organs.  In 
the  liverworts  and  mosses  the  gametophyte  is  d_ic,  conspicuous  genera- 
tion^ancJLspprophytc  is -dependent. on  it.  Nevertheless,  the  sporophyte 
does  show  a  considerable  amount  of  differentiation,  whieh  is  greater  in 
some  species  than  in  others.  Thus  in  some  mosses,  the  sporophyte  is  able 
to  manufacture  some  of  its  own  food  materials^  as  is  seen  by  the  pres¬ 
ence  of  chlorophyll-bearing  tissue  capable  of  carrying  on  photosynthesis 
in  somc^spccies.  In  the  ferns  the  gametophyte  is  a  relatively  inconspic- 
uous  plant  and^  although  the  sporophyte  is  dependent  upon  it  during 
its  carly^develqpment,  th(‘  sporophyte  soon  becomes  independent  and 
the  cqns])icuous  generation.  1  he  sporopliyte  of  most  ferns  is  a  well- 
differentiated  land  plant.  T  he  rhi/ome  has  many  of  the  structural 
features  TjTTIh-  stem  of  a  higher  plant,  including  special  conducting 
tissue.  T  rue  roots  grow  out  from  the  rhizome.  \  he  Ironds,  which  are 
true  leaves,  have  an  internal  structure  very  similar  to  the  leaves  ot  a 
se(‘d  plant. 

The  reader  is  to  be  cautioiK'd  against  comparing  the  gametoplu  te  ot  a 
moss  with  the  sporophyte  of  a  h'rn,  e.g.,  I.yfoffodium  or  Sr/aQinr/la,  which 
it  may  suj)erticially  resemble.  "I  h<'  two  j)l.mts  arc'  luiuhimentally  dil- 
ferent,  belonging  to  two  diflerc'iit  gc'iic'rations.  Nc'ither  the  j)lants  them¬ 
selves  nor  any  of  their  org.ms  ran  be*  ('onsidcic'd  homologous. 

'The  gamc'tophytc'  and  sporo|)hyte  genc'ralions  of  llic  bryophytes  and 
pteridophytes  have  evolved  towtird  a  solution  ol  two  ol  the  main  prob- 
If'ins  j)res('nLed  to  plants  by  lile  on  land.  1  he  gamc'po^diytc'  gc'neraticui 
pi'ovides  for  c'ross-lei'tili/.ition,  although  w.iter  is  still  necc'ssary  lor  the' 
union  of  the  gamc'tes.  d'hc'  sporophyte  g('iu'i'alk)n  provides  for  disui- 
buijpn. 

We  shall  lind  that  this  trend,  alrc'ady  c'vidc'nt  in  i)assing  from  the' 
bryoj)hyt('s  to  the'  ptc'i  idophytc's,  in  w  hich  the'  gamc'tophx  tc'  bc'c'omc's 
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the  inconspicuous,  and  the  sporophyte  the  more  conspicuous  generation, 
is  carried  further  in  the  seed  plants,  where  what  is  ordinarily  called  “the 
plant”  with  its  roots,  stem,  and  leaves  is  the  sporophyte  generation,  while 
the  gametophyte  generation  is  a  minute,  entirely  dependent,  organism 
involved  in  the  formation  of  the  seed  (Fig.  14:15). 
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1.  What  is  the  essential ^^iS^gical  difference  Ixrtween  asexual  and  sexual  repro¬ 
duction? 

2.  Describe  the  nuclear  changes  in  the  life  cycle  of  the  fern. 

3.  Explain  how  the  processes  of  reduction  and  fertilization  lead  to  a  reassort¬ 
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CHAPTER  13 

Seed  Plants  (Phylum  Spermatophyta), 


The  Gymnosperms  (Class 

Gymnospermae),  Life  Cycle  of  the  Pine 


In  the  case  of  the  seed  plants  or  Spermatophyta  (L.  sperma^  seed)  the 
plants  we  see  are  the  sporophytes,  the  gametophytcs  having  become 
reduced  to  minute  stages  which  nev'cr  become  independent  plants.  Two 
kinds  of  spores  are  produced  by  the  sporophyte:  microspores  which 
germinate  into  male  gametophytcs,  also  called  pollen  grains,  and 
megaspores  which  germinate  into  female  gametophytcs.  The  female 
gametophyte  undergoes  its  relatively  simple  development  while  still 
within  the  sporangium,  which  in  this  case  forms  part  of  a  structure  called 
an  ovule;  there  the  egg  is  fertilized  and  there  a  young  sporophyte,  at 
first  called  an  embryo,  begins  its  development.  W  hile  the  formation  ol 
the  embryo  is  in  progress  the  tissues  of  the  female  gametophyte  and  of  the 
ovule  become  modified  to  form  around  it  a  protective  covering.  Then 
(he  development  of  the  embryo  is  arrested  and  the  whole  structure 
becomes  a  .seed.  A  seed  may  be  defined  as  a  ripened  ovule,  or  since  an 
ovule  is  practically  ecjuivalent  to  a  sporangium,  it  may  be  regarded  as  a 
sporangium  in  which  an  emljryo  has  formed. 

Spermatophytes  are  divided  into  two  groups  or  classes:  the  Gym- 
nosj)ermae  and  the  Angiospermae.  d  he  gymnosjjerms  include  most  ol 
our  evergreens,  d  he  angiosj)erms  include  all  (lowering  plants.  We  will 
consider  first  the  gynmosjx'rms  which  are  the  more  primitive. 

I'lie  cla.ss  GymnosjxTinae  includes  the  interesting  tropical  plants 
called  cycads,  which  are  among  the  most  jirimitive  of  seed  plants,  and 
the  conifers,  which  form  great  forests  and  provide  most  ol  the  lumber 
used  in  the  United  States.  I'he  name  Gynmospermae  means  “naked 
seeds”  and  refi'i's  to  the  fact  that  the  seeds  of  the.se  j)lants  are  not  enclosed 
as  are  tho.se  of  the  flowering  plants  (Angios|)ermae).  C^ur  most  lamiliar 
gymnosperms  are  the  ('onilerons  tr('(‘s  such  .is  th('  pine,  sjiruce,  fir,  h('m- 
lo(  k,  redwood,  juniper,  (('d.ir,  l.irch,  .md  cypress. 


283 


284 

I.  THE  LIFE  CYCLE  OF  THE  PINE 
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A.  THE  SPOROPHYTE 

The  sporophyte  of  the  pine  like  that  of  most  g^'mnosperms  is  an  ever¬ 
green  tree.  It  is  “evergreen”  because  its  leaves  arc  not  shed  in  tlie 

autumn.  The  length  of  time  which 
the  leaves  remain  on  tlie  tree  varies 
from  two  to  ten  years  with  the 
species  and  the  locality.  The  fol¬ 
lowing  description  applies  more 
particularly  to  the  white  pine.  The 
main  stem  or  tree  trunk  is  straight 
and  vertical.  The  branches  grow 
out  horizontally,  the  older  and 
lariter  ones  being  nearest  to  the 
ground.  T  his  gives  to  the  whole  tree 
when  growing  in  the  open  the  shape 
of  a  large  inverted  cone.  The 
method  of  branching  in  which  the 
main  stem  continues  its  growth 
vertically  and  the  branches  grow 
out  horizontally  is  termed  excur¬ 
rent.  .\n  e.xcurrent  mode  of  branch¬ 
ing  is  characteristic  of  most  g>'mno- 
sperms.  A  peculiarity  of  pine  is  its 
long  slender  leaves,  called  needles,  which  arc  grouped  together  on 
the  branches  in  clusters  of  from  two  to  five  (Fig.  13:1). 


Fig.  13: 1  White  pine,  .\pical  portion  of 
the  stem.  Note  the  spur  branches,  each 
bearing  five  foliage  leaves.  I'rom  Smith, 
Overton,  ei  ol.,  Textbook  oj  General  Botany, 
The  Macmillan  Company. 


B.  SPORE  FORMATION 

Like  the  club  moss,  Selaginella,  described  in  the  chapter  on  the  Pteri- 
dophytes,  the  pine  is  heterosporous,  i.e.,  bears  two  kinds  of  spores. 
One  kind,  the  microspores,  which  are  small  and  produce  male  game- 
tophytes,  are  called  pollen  grains.  The  other  kind,  the  megaspores,  are 
larger  and  produce  female  gametophytes.  The  spore-bearing  leaves  or 
sporophylls  are  scalelike  and  arranged  on  the  ends  of  short  branches 
forming  the  familiar  pine  cones  or  strobili  (singular,  strobilus).  The 
microspores  and  megaspores  are  produced  on  the  same  tree  but  in  dif¬ 
ferent  cones. 

The  cones  which  bear  the  microspores  (Fig.  13:2  A)  are  called 
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staminate  cones  because  they  produce  pollen  like  the  stamens  of  a 
fiower  to  which  they  correspond. 

The  name  pollen  .grain  is  commonly  applied  to  the  microspore  and  to 
the  early  stages  of  the  male  gametophyte  which  develops  while  the  mi¬ 
crospore  is  still  in  the  sporangium.  This  sporangium,  since  it  bears  the 


l  it?.  1.3:2  Stamin.nr  cotif’  uf  piiu'.  A,  .st'ctioii :  I',  vcntr.il  view  of  niicrc- 

sporopliyll ;  (1,  .sretion  of  mi<  r()H|K)r<>pliyIl.  i  loiii  Iloliii.m.uul  Robbiii.s,  I  ext  hook  of  Grn- 
tral  liotiiny^  I)/  prrmi.H.Hio!i  of  joliti  Wiley  Sons,  Iiu. 

mi('ros|)orcs,  is  ( .illcd  .i  inicro.sporangiuiii.  I  lu'  sciili'likc  IcMVCS  ot  the 
cone,  which  bear  the  miciosporangi.o  are  i.ilh'd  inicrosporophylls, 
or,  following  out  the  (Comparison  with  .i  llowc'i’,  they  may  be  called 
stamen.s.  bach  miciosporojihyll  Ixmis  two  mierosjK)rangia  on  its  undc'r 
.si(l('  (I'  ig.  1  H,  ( i).  d  he  mici'osporangia  at  first  contain  lumu'rous 
mi('ros|)ore  mother  cells,  the  nnclc'i  ol  which  c'ontain  tlu'  clij)loid  numbc'r 
ol  ('hromosoiiK's.  bach  microspoi'e  mother  cell  divides  to  form  loui 
h.iploid  microsp(jr('s  or  |)ollen  gi*ains.  1  lu'  st.nninatc'  ('ones  occur  in 
cluster.s  lu'ar  tin*  ends  cjI  the'  long  brain  lies  and  ap|)('ar  in  the  late  Sj)iing 
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toward  the  end  of  the  growing  season.  After  a  few  weeks  the  pollen  is 
shed  and  the  cones  wither  and  drop  off. 

The  cones  which  bear  the  mcgasporcs  arc  called  carpcllatc  cones 
(Fig.  13:3)  because  their  scales  correspond  to  the  carpels  or  seed-bearing 
leaves  of  a  flower.  I'hcsc  cones  occur  on  the  ends 
of  the  longer  branches  and  appear  about  the  same 
time  as  the  staminatc  cones.  Each  scalelike  mega- 
sporophyll  or  carpel  bears  two  megasporangia 
on  its  upper  side  (Fig.  13:4,  /\).  Each  mega- 
sporangium  contains  a  single  megasporc  mother 
cell  which  divides  to  form  four  megaspores.  As  in 
the  case  of  the  microspore  development  the  nucleus 
of  the  megasporc  mother  cell  contains  the  diploid 
number  of  chromosomes  while  the  nucleus  of  a 
mcgas|X)re  is  haploid.  Usually  only  one  of  the 
mcgasporcs  develops  into  a  gametophyte. 

The  megasporangium  of  the  pine,  called  also 
the  nuccllus,  differs  from  that  of  the  fern  by  be¬ 
ing  enclosed  in  an  integument.  The  integument 
entirely  encloses  the  nuccllus  except  for  a  small  opening  called  the 
micropyle  (Fig.  13:5  B).  The  nuccllus  with  its  enclosing  integument  is 


Fig.  13:3  A  carpcllatc 
cone  of  pine. 


Fig.  13:4  Megasporophyll  of  pine  viewed  from  the  side  which  is  uppermost  in  the  young 
cone.  A,  about  the  time  of  pollination ;  B,  after  the  seeds  have  matured.  The  two  drawings 
have  been  made  from  different  species.  From  Holman  and  Robbins,  Textbook  of  General 
Botany,  by  permission  of  John  Wiley  &  Sons,  Inc. 
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called  the  ovule  and  corresponds  to  the  structure  of  the  same  name  in 
the  flower.  The  megasporangium  contains  only  one  megaspore  mother 
cell  (Fig.  13:5  B).  This  divides  by  reduction  division  forming  four  cells 


A 


Mcgaspore 
mother  cell 

B 


Integument 

Mrcropyle. 


Pollen  grain 


Fig.  13:5  Carp<*Ilatc  cone  of  pine  in  section.  .\,  entire  cone,  upper  part  in  section; 
B,  longitudinal  section  of  a  inegaS|X)ropliyIl.  .After  lU’ssey  from  Smith,  Overton,  rt  al., 
ifxtbook  oj  ('teurral  liotany^  T  he  .Macmillan  Ciompany. 


with  liaploid  nuclei,  one  of  which  grows  larger  than  the  others  and 
becomes  the  single  functional  megaspore,  while  the  other  three  degen¬ 
erate. 


C.  THE  FEMALE  GAMETOPHYTE 

The  megaspore  gt'rminates  while  still  in  the  nucellus  or  megaspornn- 
ginm.  I  lowever,  the  megaspores  lormed  (hiring  the  spring  ol  one  year 
do  not  begin  to  germinate  until  the  lollowing  S|)ring,  1  he  female  game- 
tophyte  which  develops  from  the  meg.ispore  reiiKiins  small  and  entirely 
(l('p(Mi(U'nt  on  the  sjiorophyte.  Its  cells  diller  Irom  those  ol  the  suiround- 
ing  nucellti.H  by  being  h.iploid,  while  the  cells  ol  the  nucellus  have  the 
diploid  number  of  chromosomes  of  .ill  .s|M)rophytc'  C('lls.  1  lu'  h'ln.iU' 
g.unetophyte  ih'vcm*  (h'VcTops  chloro|)hvll  but  grows  .'U  the  e\p('ns('  ol 
the  nu(  f'lhis  by  .ibsorbing  nourishiiK'ut  Irom  it.  1  ow.ird  the  ('lul  ol  the 
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summer,  the  second  after  the  formation  of  the  inegaspore,  two  or  three  ( 
archegonia  are  formed  in  the  female  gameiophyle  at  the  end  near  the  . 
micropyle  (Fig.  13:6).  Each  archegonium  consists  of  a  single  large  egg 
cell  and  several  small  neck  cells. 


Fig.  13:6  Ovule  of  pine  at  about  time  of  fertilization,  .\ftcr  Cxjultrr  and  Chamlxriain, 
Morphology  oj  the  GyrnnospermSy  from  I  iolinan  and  Robbins,  1  extbook  oj  Central  liolanVy  by 
permission  of  the  University  of  Chicago  Press  and  John  Wiley  &  S<jns,  Inc. 


D.  THE  MALE  GAMETOPHYTE 

The  male  gametophyte  starts  to  develop  while  the  pollen  grain  is  still 
in  the  microsporangium.  The  single  cell  of  the  microspore  (Fig.  13:7  C’) 
divides  within  the  spore  wall  into  two  cells  of  unequal  size.  The  smaller 
of  these  is  called  the  first  vegetative  cell  (Fig.  13:7  D).  The  larger  cell 
divides  again  unequally,  forming  a  smaller  second  vegetative  cell  and 
a  larger  antheridial  cell  (Fig.  13:7  E).  The  first  and  second  vegetative 
cells  soon  degenerate  and  become  disorganized.  They  appear  to  repre¬ 
sent  the  extensive  tissue  of  the  gametophyte  of  a  fern  but  in  the  pine  to 
be  without  function.  The  antheridial  cell  divides  to  form  a  smaller  gen¬ 
erative  cell  and  a  larger  tube  cell  (Fig.  13:7  F).  It  is  in  this  stage  that 
the  pollen  grain,  now  containing  an  immature  male  gametophyte,  is 
shed.  Further  development  of  the  male  gametophyte  depends  upon  its 
reaching  a  carpellate  cone. 
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Fij^.  13:7  SiicTf'Hsivr  siagT's  in  thf'  drvrl' •pinrnt  of  ilir  inirrosporr  and  inalr  gamrtopliytr 
ol  I’tnus  Idririo.  A,  tlir  trloph.isr  of  thr  srrond  division  of  dir  sj>orr  mother  cell;  B,  three 
of  the  four  spores  of  .1  tetrad  S4nne  time  Indore  matnritv;  (  ,  .i  mature  mirros|K)re;  D  to 
I’,  siK’T  essive  stages  in  the  development  of  the  male  gametojihvte  up  to  the  time  the  spores 
are  shed;  (t,  the  male  gametophvte  alxiut  a  vear  .iftrr  |>ollination  iind  some  time  Indore 
fertilization.  After  ( ioulter  and  (  hamlierlain.  Morf>hoh^  of  fhr  (.ymnosprnn.  from  Holman 
•md  K(d)l)ins,  'Tfxthook  of  (tfurrdl  Ii>*tdny,  hy  permi.ision  of  the  I  ni\ersity  ol  C.hic.igo  I  uss 
arid  John  Wiley  Sons,  Inc. 


E.  POLLINATION 

toward  (he  rncl  of  sprint;  when  llie  jiinr  trees  .in'  sheddint;  tlirir  pollen 
in  yellow  (  londs,  llu'  .lir  is  lo.ided  with  the  line  gr.iins.  1  lu'vit.ilily  some 
of  fhese  l.dl  heiween  the  se.iles  ol  the  (  .irpell.ite  eones  ne.ir  the  inicropyle 
of  .1  n  ovi  ilc'.  I'fom  I  he  rt'^it  in  ol  llu' inieropvle  the  o\nle  sect  ('tc'S  .i  u.itt  i  \ 
licpiid  whit  h  serves  to  e.ilt  h  llu'  pollen.  As  this  litpiid  e\‘.ipor.itt'S,  tht 
pollt'fi  is  dr.iwn  throiM;h  tht'  mit  ropvlt'  into  .i  sp.irt'  lu'twt'en  the'  inlt  gn- 
mt'iil  and  tht'  mit  t  llns  ('.died  the  pollen  eh.mihcr. 
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F.  FERTILIZATION 


Shortly  after  the  pollen  grains  arrive  in  the  pollen  chamber  they  begin 
to  develop  pollen  tubes  (Fig.  13:7  G),  but  their  development  is  retarded 
until  the  following  spring.  The  tube  cell  grows  through  the  tissue  of  the 
nucellus  toward  the  female  gametophyte  and  arrives  there  at  alxDut  the 
time  the  egg  cells  are  developed  in  the  archegonia.  .\s  the  pollen  tulx- 


First  vegetative 
nucleus  (degenerates) 


Secand  vegetative 
nucleus  (degenerates) 


/ 


Tube  nucleus 


O 


Nucleus  of 
microspore 
(pollen  grain) 
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Anthendial 

nucleus 


a 


Generotive 

nucleus 


Body 

nucleus.*^ 

,o.. 


'O 
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Two  male  or 
sperm  nuclei 
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Fig.  13:8  Pine.  Nuclei  formed  during  the  dcv'clopinent  of  ihe  male  gametophyte  from  a 
microspore.  Vegetative  nucleus  is  equivalent  to  nucleus  of  vegetative  cell,  f  rom  Holman 
and  Robbins,  Textbook  of  General  Botany^  by  jxTmission  of  John  Wiley  &  Sons,  Inc. 


grows  in  length  the  tube  nucleus  moves  into  its  tip  and  the  generative 
cell  divides  into  a  stalk  cell  and  a  body  cell  (Fig.  13:7  G)  which  also 
pass  into  the  pollen  tube.  The  nucleus  of  the  body  cell  then  divides  form¬ 
ing  two  sperm  nuclei.  When  the  pollen  tube  has  penetrated  the  neck 
of  an  archegonium  and  reached  an  egg  cell,  the  end  bursts  and  liberates 
the  contents  into  the  cytoplasm  of  the  egg.  One  of  the  sperm  nuclei 
unites  with  the  egg  nucleus  and  the  rest  of  the  tube  contents  degenerate 
and  disappear.  The  nuclear  divisions,  which  occur  in  the  development 
of  the  male  gametophyte  up  to  the  time  of  fertilization,  are  shown  in 
Fig.  13:8. 


G.  THE  DEVELOPMENT  OF  THE  SEED 


The  zygote  begins  immediately  to  develop  into  an  embryo.  The  nu¬ 
cleus  divides  first  into  two  and  then  into  four  nuclei.  These  four  nuclei 
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then  move  to  the  lower  portion  of  the  egg  where  each  divides  again.  This 
time,  however,  cell  walls  are  formed  so  that  eight  cells  result.  By  further 
cell  divisions  a  total  of  sixteen  cells  is  produced.  From  the  lower  cells, 
i.e.,  those  farthest  from  the  neck  of  the  archegonium,  one  or  a  number 
of  embryos  begin  to  develop.  However,  in  the  pine  all  except  one  of  these 
embryos  usually  die. 
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Fig.  13:9  IMnr.  A,  rarp<*llalr  rone  at  time  srrds  arc  shed;  R,  scale  with  two  seeds; 
C;,  longitudinal  section  of  seed  (the  female  gametophyte  has  Ix-come  the  endosperm); 
1),  F,  germination  of  a  seed.  I'rom  Smith,  Overton,  ft  al..  Textbook  of  General  Botany^  The 
Macmillan  (lom|)any. 


While  the  zygote  is  undergoing  its  early  development  into  an  embryo 
sporophyte,  the  ovule  and  its  contents  become  transformed  into  a  seed. 
T  he  female  gametophyte  grows  at  the  exj^ense  of  the  nucellus  (mega- 
sporangium)  which  becomes  reduced  to  a  thin  layer  under  the  integu¬ 
ment  of  the  ovule,  which  latter  now  beeome.s  the  integument  ol  the  seed 
(I'ig.  13:9).  'The  integunu'nt  (T eac  h  seed  develops  a  winglike  a|)pendage. 
In  a  ripe  .s<‘ed  the  embryo  ()eeuj)ies  the  central  jxxsition.  I  he  embryo 
usually  bears  six  to  eight  st'ed  leaves  or  cotyledons  which  are  arranged 
in  a  ring  aroimd  one  (uul  of  .i  cf'ntr.il  .ixis.  '1  he  part  of  this  axis  below 
the  cotyledons  is  (  ailed  the  hypocotyl  while  tlu*  small  p.irt  above  is  called 
the  cpicotyl.  'I  Ik'  cells  of  the  female  g.unetophyte  t.ike  up  reserve  kx)d 
m.itf’fials  ;md  bec'ome  tlu'  endosperm.  1  lu'  se('d  of  tlu'  pine'  thus  consists 
of  an  integtiment  surrounding  th('  nannant  of  th('  nuca'llus  which  in  turn 
surrounds  the  endosperm  in  the  centc'r  of  which  is  the  embryo.  1  he 
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generations  to  which  these  parts  of  the  seed  belong  are  shown  in  the 
table: 


TABLE  13:1.  THE  PART.S  OF  A  PI.NE  SEED  ASD  THE  GENERATIONS  TO 
WHICH  THEY  BELO.NG 

STRUCTURE  GENERATION  CHROMOSOME  NUMBER 


Integument 

Nucellus  (mega-sporangium) 
Female  gametophyte 
Embryo 


Sporophyte 

Sporophyte 

Gametophyte 

Sporophyte 


Diploid 

Diploid 

Haploid 

Diploid 


During  the  development,  which  Ix'gins  with  jx)llination  and  culmi¬ 
nates  with  the  formation  of  the  seed,  the  scales  of  the  carpellate  cone  arc 
tightly  pressed  together.  Soon  after  jxjllinalion  the  stalks  of  the  carjx*l- 
latc  cones  which  up  to  this  time  have  held  the  cones  erect  on  the  tree, 
change  in  their  reaction  to  gravity.  CJrowth  on  one  side  is  more  rapid 
than  on  the  other  so  that  the  stalk  Ix'iids  over  causing  the  cone  to  hang 
down.  The  scales  separate  when  the  seeds  Ix'come  ri|x:  and  allow'  the 
latter  to  fall  to  the  ground.  The  winglike  ap|>cndagc  of  the  seed  aids  its 
dispersal  by  the  wind. 

The  seeds  of  the  pine  usually  do  not  germinate  until  the  spring  after 
they  have  left  the  cone.  If  at  the  end  of  this  time  they  have  reached  moist 
ground  the  radicle  grows  out  and  is  forced  into  the  ground  by  the  elonga¬ 
tion  of  the  hypocotyl  (Fig.  13:9). 


2.  OTHER  GYMNOSPERMS 

The  pine  which  has  just  been  descrilx'd  is  a  member  of  the  order 
Coniferalcs.  From  the  point  of  view  of  evolution  the  cycads,  order  Cy- 
cadales,  arc  of  special  interest.  The  sporophyte  of  these  plants  resembles 
a  palm.  The  life  cycle  more  nearly  resembles  the  pine.  As  in  the  pine, 
microspores  and  megasporcs  arc  lx)rnc  on  staminatc  and  carpellate  cones, 
but  the  two  kinds  of  cones  arc  lx)rnc  on  difTerent  plants.  The  pollen 
from  the  male  plant  is  transferred  to  the  carpellate  cones  of  a  female 
plant  by  air.  Of  particular  interest  is  the  fact  that  the  male  gametophyte 
which  dev^clops  from  the  pollen  grain  contains  several  cells  and  that  in 
the  pollen  tube  tw'o  motile  sperms  arc  developed  and  swim  to  the  egg 
cell,  indicating  how  the  evolution  from  the  motile  sperm  of  the  ptcri- 
dophytes  to  the  nonmotile  sperm  nuclei  of  the  pine  and  the  flowering 
plants  may  have  occurred. 
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Questions 

1.  Compare  a  pine  tree  with  the  sporophyte  of  a  fern  and  with  the  sporophyte 
of  Selaginella. 

2.  Compare  the  cones  of  a  pine  with  the  cone  of  Selaginella. 

3.  To  what  structures  in  Selaginella  dot's  the  seed  of  the  pine  correspond?  Com¬ 
pare  the  two  corresponding  stages  in  the  life  cycle. 

4.  In  what  ways  is  the  pine  l)cltcr  adapted  to  life  on  land  than  any  of  the 
Pteridophyte.s? 

5.  Describe  a  pine  seed  indicating  the  nuclear  condition  of  each  part. 

Suggestion  for  Further  Reading 

Coulter,  J.  M.,and  C.  |.  C.hainlx'rlain,  .Morphology  of  the  C)fnnosperms,  University 
of  Chicago  Press,  Chicago,  1^03. 


CHAPTER  14 

Seed  Plants  (Phylum  Spermatophyta), 
The  Angiosperms  (Class  Angiospermae), 
Life  Cycle  of  a  Flowering  Plant 


The  greater  part  of  the  earth’s  vegetation  consists  of  flowering  plants. 
However,  in  many  cases  the  flowers  are  inconspicuous.  I'he  scientific 
name  of  the  class  refers  to  the  fact  that  the  seeds  which  contain  an  em¬ 
bryo  sporophyte  are  enclosed  in  a  seed  case.  This  and  other  features 
which  will  be  described  have  enabled  this  group  of  plants  to  adapt  them¬ 
selves  to  life  under  a  great  variety  of  conditions.  I'hey  represent  the  high¬ 
est  level  to  which  plant  evolution  has  yet  attained. 

1.  GENERAL  ACCOUNT  OF  LIFE  CYCLE 
A.  THE  PLANT  BODY 

The  plant  with  which  we  are  familiar  represents  the  sporophyte  gen¬ 
eration,  the  gametophytes  being  microscopic  plants  dependent  on  the 
sporophyte  throughout  their  existence.  It  is  convenient  to  begin  with  the 
sporophyte.  Almost  any  plant  could  be  made  to  serve  the  purposes  of  a 
general  description.  We  have  chosen  the  sunflower. 

The  sunflower  plant  is  composed  of  a  shoot  and  a  root  (Fig.  14:1). 
The  shoot  consists  of  the  stem  and  leaves  and  grows  upward  into  the  air, 
while  the  root  grows  downward  into  the  ground.  The  stem  is  divided 
into  nodes  and  internodes.  The  nodes  are  the  slightly  enlarged  portions 
of  the  stem  where  the  leaves  arise.  They  are  separated  by  the  internodes. 
In  the  sunflower  the  leaves  arise  singly,  one  at  a  node.  Such  an  arrange¬ 
ment  is  said  to  be  alternate.  When  two  leav'es  arise  at  each  node,  op¬ 
posite  to  each  other,  the  arrangement  is  said  to  be  opposite.  When  a 
number  of  leaves  arise  at  a  node  equally  spaced  around  it  the  arrange¬ 
ment  is  called  a  whorl.  A  leaf  consists  of  a  flat  portion  or  blade  and  a 
stalk  or  petiole  by  which  it  is  attached  to  the  stem.  The  upper  angle 
between  the  petiole  and  the  stem  is  called  the  leaf  axil.  At  the  tip  of  the 
stem  is  the  “flower,”  which  in  the  sunflower  is  really  a  cluster  of  small 
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Flower 

cluster 


lowers.  The  root  consists  of  a  main  portion  or  primary  root  extending 
ertically  downward,  from  which  branch  roots  extend. 

The  leaves,  stem,  and  roots  are  plant  organs.  They  are  specialized  to 
Derform  different  functions  in  the  life  of  the  plant.  The  functions  of  the 
eaves  are  to  manufacture  carbohy¬ 
drates  (photosynthesis)  and  nitrog¬ 
enous  food  materials  and  to  give 
ofi^water  (transpiration) .  The  func¬ 
tions  of  the  stem  are  to  support 
the  leaves  and  expose  them  to  the 
sunlight,  to  conduct  water  and  min¬ 
eral  salts  from  the  roots  to  the 
leaves,  and  to  conduct  a  portion  of 
the  food  materials  manufactured 
in  the  leaves  to  the  roots.  In  the 
sunflower  the  stem  contains  some 
chlorophyll  and  is  therefore  able  to 
aid  in  the  manufacture  of  food 
materials.  The  functions  of  the 
roots  are  to  anchor  the  plant  in 
the  ground  so  that  the  stem  is 
maintained  in  an  upright  position, 
nd  to  absorb  water  and  mineral 
salts  from  the  soil.  Another  function 
which  is  often  taken  on  by  roots, 
stems,  or  leaves  is  that  of  food 
storage. 

'The  stem  of  the  sunflower  is  com¬ 
posed  mainly  of  soft  ti.ssue.  When 
deprived  of  water  the  whole  plant 
dries  up  or  wilts.  In  th('  winter  the 
stem  dies  and  withers.  Siu  h  j^lants 

are  called  herb.s  and  the  sunflower  p^if^ary  root 


Node 

Internode 


is  said  to  be  an  “lua  baceous  pl.mt."  Fii^.  I  t:  I  A  siinfUmcr  pl.ini.  1  rom  Smith, 

Indian  enrn  and  wh<-at  arc  otli.  r  <>'-■■«■».  al..  hMhook 

,  -  ,  ,  ,  1  hr  M.icmill.in  ( .omp.mv. 

examples  of  herbact'ous  plant.s. 

They  .ire  to  lx*  contr.ast(*d  with  trees  .ind  shrubs  which  have  woodv 
stems  and  do  not  die  in  the  winter. 

1  he  sunflower  j)lant  lives  for  only  one  season,  .\tter  blooming  and 
forming  seed,  it  dies.  New  pl.mts  grow  from  the  seed  the  next  spring. 
Such  a  plant  is  said  to  be  .in  annual.  Other  examples  of  annuals  are 
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corn  and  wheat.  In  other  herbaceous  plants,  for  example,  the  beet  or 
turnip,  the  shoot  produces  no  flowers  during  the  first  year,  all  of  its 
activity  going  to  the  storage  of  food  materials  in  the  root  which  docs  not 
die  as  the  shoot  does  at  the  end  of  the  summer.  Next  spring  a  new  shoot 
grows  from  the  old  root  and  produces  flowers  and  seeds  after  which  the 
whole  plant  dies.  Such  plants  which  live  for  two  years  arc  called  bi¬ 
ennials.  In  other  herbaceous  plants  food  materials  may  be  stored  under 
ground  from  year  to  year  so  that  a  succession  of  flowering  shoots  may  be 
produced  each  year.  These  are  perennial  herbs;  examples  arc  asparagus, 
rhubarb,  dahlia,  and  gladiolus.  Trees  and  shrubs  arc  woody  perennials. 

The  stem  of  a  plant  is  by  no  means  always  erect.  It  may  lie  along  the 
ground  and  be  prostrate  as  in  the  strawberry  and  watermelon,  or  it  may 
be  actually  underground  as  in  the  case  of  many  grasses.  On  the  other 
hand  a  stem  may  twine  around  the  stems  of  other  plants  as  in  many 
climbing  plants,  e.g.,  the  bean  and  grape.  The  erect  stems  of  trees  arc  of 
two  principal  types.  The  excurrent  type  of  stem  is  illustrated  by  the 
white  pine,  in  which  the  main  stem  grows  vertically  while  the  branches 
^ow  out  horizontally.  It  is  the  common  type  in  conifers  but  occurs  only 
rarely  in  angiosperms.  The  deliquescent  type  is  illustrated  by  the  elm  in 
which  there  is  usually  no  one  main  stem  and  the  branching  is  irregular. 

The  leaves  of  plants  vary  greatly  in  form  and  structure.  They  may  be 
divided  into  vegetative  leaves  which  have  to  do  with  the  metabolism 
and  growth  of  the  plant  and  floral  leaves  which  make  up  the  flower 
and  function  in  the  reproduction  of  the  plant.  \Tgctative  leaves  may 
take  the  form  of  ordinary  green  foliage  leaves,  scale  leaves  such  as 
those  which  protect  the  buds,  or  bracts  —  small  leaves  in  the  axils  of 
which  flowers  are  borne. 

Perennial  woody  plants  like  trees  and  shrubs  carry  on  their  growth 
mainly  during  the  spring  and  summer.  New  branches  and  leaves  are 
formed  from  the  buds  which  lie  dormant  during  the  winter.  Buds  occur 
usually  at  the  ends  of  branches  or  in  the  axils  of  leaves.  When  at  the  end 
of  a  branch  a  bud  is  said  to  be  terminal.  When  in  the  axil  of  a  leaf  it  is 
called  an  axillary  bud.  Occasionally  buds  occur  at  other  points  on  the 
stem  when  they  are  called  adventitious  buds.  Buds  may  give  rise  to 
branches  and  foliage  leaves  only,  branches,  foliage  leaves,  and  flowers, 
or  flowers  only. 

B.  THE  FLOWER 

Flowers  are  essentially  reproductive  organs  specially  adapted  to  re¬ 
production  on  land..  The  entire  gametophyte  generation  which  in  the 
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mosses  and  ferns  is  represented  by  separate  and  independent  plants  is 
crowded  into  the  flower  and  concealed^  from  the  casual  observer  whose 
attention  is  held  by  the  delicate  beauty  of  the  often  highly  colored  petals 
or  sepals  which  are  not  essential  to  the  reproductive  processes. 

There  are  many  types  of  flowers,  some  of  which  like  those  of  the  grasses 
and  many  trees  are  inconspicuous  and  lacking  in  distinctive  coloration. 
A  little  study  soon  shows  that  all  flowers  are  in  reality  whorls  of  modified 
leaves  borne  on  the  ends  of  stems  or  branches  in  which  the  internodes 
or  stretches  between  the  leaves  are  shortened  so  that  the  separate  whorls 
are  close  together  and  appear  to  be  one  within  the  other. 


Fig.  14:2  The  buttercup,  Ranunculus.  A,  a  flower  divided  longitudinally;  B,  a  flower 
from  which  the  sepals,  petals,  and  all  but  two  stamens  have  been  removed,  .\fter  Francis 
Darwin,  Elements  of  Botany^  Cambridge  University  Press. 


DESCRIPTION  OF  A  SIMPLE  FLOWER 


Vein  from  filament 


The  Structure  and  significance  of  ihc  flower  can  best  be  approached 
by  Studying  a  relatively  simple  flower  such  as  that  of  the  buttercup 
(Genus  Ranunculus).  The  end  of  the  stem  on  which  the  flower  is  borne  is 
called  the  receptacle  (Fig. 

14:2).  The  outer  whorl  which 
is  composed  of  five  small, 
pointed,  yellowish  gn'cn 
l(‘avcs,  called  sepals,  is  the 
calyx.  Within  tlu'  calyx  is  tlu* 
whorl  of  fiv('  larger  yellow 
l(‘aves  called  petals  which 
make  up  the  most  ('onspicuous 
j)art  of  lh(‘  flower  and  form 
(he  corolla,  d'he  jx-l.ils  altra- 
nale  wilh  the  sepals,  dial  is, 
they  oceujiy  (he  spaces  be- 
Iwecii  ihem.  'The  term  peri¬ 
anth  isajiplied  lo  (h(‘sej)als .md  |)('lalscoll<'('(i\'(*ly.  Passing  inwaixl  weetane 
iH'Xl  If)  a  number  of  whoi  ls  t)f  sin.ill  hlaiiK'nlous  bodies  c'alh'd  stamens. 


Pollen  sacs  Anther  opens  hero 

Fig.  11:.')  ( '.russ  .sc'clion  of  tlx*  anllu'r  of  .i  lily. 

lO'diMNNM  from  Ucrgc'n  and  Davis,  RntuiRcs  of 
(linn  and  Conij)any. 
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When  magnified,  each  stamen  is  seen  to  consist  of  a  filament  wiiicli 
bears  on  its  free  end  an  enlargement,  the  anther.  A  cross  section  ol  an 
anther  shows  cavities;  two  on  each  side  of  the  attachment  of  the  filament 
(Fig.  14:3).  These  cavities  are  really  the  cavities  of  four  sporangia.  I'he 
spores  produced  in  these  sporangia  are  commonly  called  pollen  grains 

but  they  may  also  be  called  micro¬ 
spores.  While  still  in  the  pollen  sac 
the  pollen  grain  or  microsporc, 
which  is  at  first  a  single  cell,  divides 
within  its  outer  coat  or  spore  wall 
to  form  a  much-reduced  male 
gametophyte.  As  in  the  fern  and 
other  pteridophytes  and  bryo- 
phytes,  the  formation  of  spores  is 
preceded  by  spore  mother  cells,  • 
in  this  case  called  microspore  . 
mother  cells.  Two  cell  divisions,  , 
in  one  of  which  there  is  a  re- 
duction  division  of  the  nucleus,  lead  to  the  formation  of  tetrads  of  spores  , 
as  in  the  ferns.  It  now  becomes  evident  that  the  stamens  are  sporo-  - 
phylls  and  can  be  compared  to  leaves.  When  this  is  done,  the  filament  is  - 
found  to  correspond  to  the  petiole  and  the  anther  to  the  blade  which  in 
this  case  bears  four  sporangia.  That  the  stamens  really  correspond  to  !. 


Fig.  14:4  Transition  from  petals  to  sta¬ 
mens  in  the  white  water  lily.  Redrawn  after 
Asa  Gray,  Structural  Botany^  The  Macmillan 
Company. 


Stigma 

\ 


Fig.  14:5  Ovary  of  buttercup, 
divided  lengthwise  to  show  the  single 
ovule.  After  Asa  Gray,  Structural 
Botany,  The  Macmillan  Company. 


A  B 


Fig.  14:6  A  le£if  incurving  to  show  the 
morphology  of  a  simple  pistil.  A,  leaf 
incurving;  B,  pistil  cut  across  to  show 
ovules.  Redrawn  after  Asa  Gray,  Struc- 
tural  Botany,  The  Macmillan  Company. 


leaves  is  seen  in  the  flower  of  the  white  water  lily  (Fig.  14:4),  where  there 
is  a  gradual  transition  from  petals  to  stamens.  In  some  of  the  common 
cultivated  varieties  of  the  geranium  and  nasturtium  the  filaments  of  the 
stamens  may  develop  leaflike  outgrowths. 
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In  the  center  of  the  flower,  bunched  together  but  nevertheless  in 
whorls,  are  the  carpels.  These  small,  green,  pointed,  oval  bodies  are 
even  less  like  leaves  than  the  stamens  (Fig.  14:5).  However,  a  carpel  is 
merely  a  small  leaf  with  its  lateral  margins  bent  around  and  fused  to¬ 
gether  so  as  to  form  a  little  sac  enclosing  a  cavity  (Fig.  14:6).  In  the 
buttercup  the  carpels  remain  separate,  giving  rise  to  a  condition  which 
is  called  polycarpous.  The  small 
sac  formed  by  the  folding  over 
of  the  margins  of  the  carpels  is 
called  an  ovary  and  the  cavity 
of  the  sac  a  locule.  Projecting 
into  the  ovary  ^  and  occupying 
a  considerable  amount  of  the 
cavity  is  an  ovule  (Fig.  14:5). 

The  carpels,  like  the  stamens, 
are  sporophylls.  The  spores 
which  are  produced  in  the 
ovules  are,  however,  quite  dif¬ 
ferent  from  pollen  grains.  They 
are  called  megaspores  and  give 
rise  to  female  gametophytes. 

The  ovule  of  a  flower  is  at¬ 
tached  by  a  stalk  or  funiculus 
to  the  ovary,  the  place  of  at¬ 
tachment  being  called  the  pla¬ 
centa.^  The  ovule  consists  of  a 
megasporangium,  called  also  a 
nucellus,  and  an  outer  and  an 
inner  integument  which  arc- 
formed  as  outgrowths  from  the  base-  or  attached  end  of  the  sporangium 
and  do  not  quite  meet  over  th(‘  other  end,  leaving  an  opening,  the  micro- 
pyle  (Fig.  14:5).  Only  a  single  megasporc  mother  cell  is  formed  in  the 
megasporangium.  4  his  gives  rise  usually  to  four  megasj)ores  only  one 
of  which,  that  farthest  away  from  the  mieropyle,  becomes  functional,  i.e., 
develops  into  a  greatly  reduced  female  gametophyte  (Fig.  14:7,  a,  b,  c). 

At  the  pointed,  hooklike,  upper  end  of  each  carjK'l  is  an  organ  called 
the  stigma,  which  is  s|)ecially  adaj)ted  to  receive  the  pollen.  In  most 
flowers  the  stigma  is  boriK-  uj)on  a  stalk  called  the  style.  The  ovary,  style 

‘  Unforliniiilrly  thr  oldri  lM>t. mists  iina^Miird  .1  p.irallrl  l>rtwrrit  this  part  (if  a  tliiwcr  and  the 
friiiair  reproductive  ort<an  of  .m  .mim.d  a  p.ir.dlel  which  has  no  found. >tion  in  .inatoiny. 

*'I’hr  use  of  the  word  ‘‘pl.uenta”  in  this  connection  shoidd  not  lie  confused  svith  its  use  for 
the  atta(  hment  of  the  emhiyo  to  the  uterus  in  m. until. ds. 


mother  cell  Megaspores  pnegaspore 


Female  gametophyte 

Fig.  14:7  Longitudinal  section  of  ONiilc  shoe  ¬ 
ing  the  development  of  the  megaspores  and 
female  gametophyte  of  an  angiosperm.  A, 
single  megaspore  mother  cell;  B,  megaspore 
mother  cell  has  given  rise  to  four  megaspores ; 
C!,  the  megaspore  farthest  from  the  mieropyle 
enlarges  and  Ix'comes  the  functional  mega¬ 
sporc;  I),  first  division  of  megaspore  nucleus  in 
development  of  the  female  gametophyte;  E,  fe¬ 
male  gametophyte  with  four  nuclei;  F,  female 
gametophyte  with  eight  nuclei.  Redrawn  after 
Smith,  Overton,  c/  a/.,  Ifxthook  of  Grneral  Botany, 
'I'he  M.icmill.in  Company. 
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(when  present),  and  stigma  constitute  the  pistil.  In  many  flowers  tlic 
carpels  fuse  to  form  a  single  axial  body  called  a  compound  pistil.  The 
carpels  are  then  said  to  be  syncarpous. 

The  microspores  begin  their  development  into  male  gametophytes 
while  still  within  the  pollen  sacs  and  the  mcgasporcs  not  only  begin  but 
complete  their  development  in  the  ov'ulc.  Further,  the  formation  of  the 
seed  requires  that  the  pollen  grains  be  transported  to  the  stigma.  These 
conditions  create  a  rather  interesting  situation.  Although  the  sporophyte 
does  not  reproduce  sexually,  nevertheless  the  fact  that  it  produces  two 
kinds  of  spores  which  develop  into  male  and  female  gametophytes  re¬ 
spectively  is,  as  it  were,  reflected  back  into  its  structure  so  that  we  can 
in  a  way  think  of  the  stamens  as  male  organs  and  the  carpels  as  female 
organs  of  reproduction.  The  sepals  and  petals  protect  the  stamens  and 
pistils  and  attract  insects  to  the  flower.  Because  the  sepals  and  petals  arc 
not  directly  concerned  with  reproduction  they  arc  called  accessory 
floral  parts.  The  stamens  and  pistils,  on  the  other  hand,  arc  called 
essential  floral  parts. 

C.  THE  FEMALE  CAMETOPHYTE 

The  female  gametophyte,  also  referred  to  as  the  embryo  sac,  undergoes 
its  development  within  the  nuccllus  or  megasporangium.  The  single 

nucleus  divides  into  U/o,  four,  and 
evTntually  eight  daughter  nuclei 
without  any  accompanying  division 
of  the  cytoplasm.  These  eight  nuclei 
are  arranged  in  the  gametophyte 
so  that  four  are  at  the  end  near 
the  micropyle  and  four  at  the 
opposite  end  (Fig.  14:8  A).  From 
each  of  these  groups  of  four  nuclei, 
one  nucleus  called  a  primary  en¬ 
dosperm  nucleus  moves  toward  the 
center  of  the  gametophyte  (Fig. 
14:8  B).  The  cytoplasm  now  be¬ 
comes  divided  by  cell  walls.  At 
the  micropylar  end  three  cells  are 
formed,  each  with  a  single  nucleus. 
One  of  these  is  the  single  egg  cell  while  the  other  two  are  called  syner- 
gids,  and  are  believed  by  some  to  correspond  to  a  much  reduced  ar- 
chegonium.  At  the  opposite  end  three  antipodal  cells  are  formed.  The 


Fig.  14:8  The  female  gametophyte  of  a 
flowering  plant.  A,  stage  with  eight  nuclei, 
four  at  either  end,  and  no  division  of  the 
cytoplasm;  B,  mature  female  gametophyte. 
Redrawn  from  Smith,  Overton,  et  al.,  Text¬ 
book  of  General  Botany^  The  Macmillan  Com¬ 
pany. 
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cytoplasm  occupying  the  central  por¬ 
tion  of  the  gametophyte  and  sur¬ 
rounding  the  two  endosperm  nuclei 
becomes  a  large  two-nucleated  cell, 
the  primary  endosperm  cell.  This 
simplified  structure  consisting  of 
eight  nuclei  divided  among  seven 
cells  and  containing  a  single  egg  is 
the  mature  female  gametophyte  of  a 
flowering  plant. 

D.  THE  MALE  GAMETOPHYTE 

The  development  of  the  micro¬ 
spores  or  pollen  cells  begins  while 
they  are  still  in  the  pollen  sac  (Fig. 
14:9  A,  B).  The  first  division  of  the 
microspore  cell  leads  to  the  forma¬ 
tion  of  a  generative  cell  and  a  tube 
cell.  (It  will  be  noticed  that  the  cell 
divisions  leading  to  the  formation  of 
vegetative  cells  which  occur  in  the 
jane  arc  omitted  in  tlic  development 
of  the  male  gametophyte  of  the 
flowering  jolant.)  In  most  flowering 
plants  the  poll(*n  grains  are  liberated 
from  the  pollen  saes  at  this  stage  and 
further  development  does  not  take 
place  iml(!ss  the  pollen  grain  is  car¬ 
ried  to  the  .stigma  eillu'r  of  tla'  same 
flower  or  another  (low('i' of  th(' s.iiik' 
sp(‘cies.  When  (his  oceans,  tlu'  tube 
cell  grows  out  as  a  pollen  tube  ( I  ig. 
14:9  (1).  ^Fhe.  jjollcn  tube'  elongate'S 
rapidly,  growing  down  through  the* 
tissue's  of  the  stigm.i  and  style  to  the 
ovule.  Idrst  tlie  tube  nue'leus  and 
then  the*  generali\’e  cell  migrate  into 
and  down  die  j)oll(‘n  lulie  (i'ig.  11:*) 
I)).  d'he  mielens  of  die  geneiatixe* 


Generative 


Fig.  l  t:9  'T'lu*  male  ganiclophytr  of  a 
llowcring  plant.  .\  micro.spoir  and 
(Icvclopnu'nt  into  a  nialr  g.unctophytr. 
A,  ini(  I osporc :  B,  after  the  divi.sion 
\\In(li  forms  a  geiK'r.itixc  and  a  tnl)e 
cell,  the  male  g.imetophytc'  is  now  a 
m.ilin'e  pollen  gi'.iin;  ( tlu'  |iollen  tube 
is  Ix'ginning  to  form;  !>,  migr.uion  of 
the  gener.itivc'  cell  into  the  jiollen  tnlx'; 
I.,  alK'r  tlu*  division  of  the  gcmer.itive 
niK  lens  into  two  m.de  g.imetc'  nuclei.  All 
limiresdi.igr.imm.itie.  h'rom  .Smith,  ( K  <'r- 
ton,  ff  dl.,  I  rxthook  of  (irruddl  Hcldry,  1  he 
M.u  inill.m  (  \)mp.my. 


(<*11  divides  (o  lorm  two  male  gaiiH'le  nueh'i  or  .sperm  nuclei,  eitln'i 
belore  oi  aflei'  it  has  mo\'ed  into  (he  pollen  tube. 
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E.  POLLINATION 


The  transfer  of  pollen,  called  pollination,  from  the  pollen  sac  to  the 
stigma,  whether  it  be  the  stigma  of  a  flower  in  another  plant  or  the  same 


Fig.  14:10  Longitudinal  section  of  a  flower  showing  the  growth  of  pollen  tube  from 
stigma  to  egg.  Redrawn  from  Smith,  Overton,  e/  o/.,  Tfxtbook  oj  Germed  Botany^  The  Mac¬ 
millan  Company. 


plant,  is  an  essential  link  in  the  life  cycle  of  a  flowering  plant.  In  most 
cases  the  pollen  is  either  borne  on  the  wind  or  carried  on  the  bodies  ol 
insects.  Wind-pollinated  flowers  are  usually  small  and  inconspicuous 


and  have  dry  powdery  pollen,  while 
flowers  which  arc  pollinated  by  in¬ 
sects  are  more  conspicuous  and  arc 
often  made  attractive  to  their  visiton 
by  being  highly  colored  and  odor¬ 
iferous  and  providing  nectar.  The 
buttercup  is  pollinated  by  insects. 

F.  FERTILIZATION 

When  the  pollen  tube  reaches  the 
ovule  it  usually  enters  by  way  of  the 

Fig.  14:11  Mature  female  gametophyte 
showing  the  union  of  one  male  nucleus  wid! 
the  egg  nucleus,  and  the  entrance  of  a  seconc 
male  nucleus  into  the  primary  endospern 
cell.  From  Smith,  Overton,  ei  al.y  Textbook  o^ 
General  Botany^  The  Macmillan  Company. 
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Integument 


Endosperm 


Nucellus 


Embryo 


micropyle  and  passes  through  the  nucellus  to  the  gametophyte  (Fig. 
14:10).  On  reaching  the  gametophyte  the  tip  of  the  pollen  tube  bursts  and 
the  two  sperm  nuclei  are  discharged  into  it.  One  of  the  sperm  nuclei 
fuses  with  the  egg  nucleus  and  a 
zygote  is  formed  (Fig.  14:11).  The 
other  sperm  nucleus  moves  into  the 
primary  endosperm  cell  and  the  three 
nuclei,  namely,  the  two  primary 
endosperm  nuclei  and  the  sperm 
nucleus,  fuse  to  form  a  single  endo¬ 
sperm  nucleus. 


Suspensor 


G.  THE  SEED 

The  fertilization  of  the  egg  inau¬ 
gurates  changes  which  lead  to  the 
formation  of  the  seed  and  fruit.  We 
will  consider  first  the  zygote.  The 
development  begins  with  the  division 
of  the  fertilized  egg  to  form  a  short 
filament  of  cells.  The  cell  of  this 
filament  farthest  from  the  micropyle 
gives  rise  to  the  embryo  proper 
while  the  rest  of  the  hi  ament  forms 
a  suspensor  which  forces  the  de¬ 
veloping  embryo  toward  the  center 
of  the  endosperm  (Fig.  14:12).  Farly 
in  its  development  the  embrvo  be¬ 
comes  differentiated  into  stem,  root, 
and  seed  leaves  or  cotyledons. 

It  will  l)e  remembered  that  at 
the  time  of  fertilization  one  of  tlie 
sperm  nuclei  fused  with  the  two 
nuclei  of  the  primary  endosperm  cell 
to  form  a  single  primary  endosjierm 
nucleus.  This  primary  endosperm 
nucleus  divides  repeatedly  at  first  without  cell  division  and  the  cyto¬ 
plasm  of  the  primary  endosperm  cell  increases  so  that  the  young  embryo 
is  surrounded  by  a  many-nuch'ated  ma.ss  of  protoplasm  (l  ig.  14:12). 
Later  this  mass  divides  into  a  m.my-celled  structure  called  the  endo¬ 
sperm.  I'hc  fate  of  the  endosperm  diliers  in  dilfercnt  spcvics;  in  some 
it  is  digested  and  absorbed  by  the  dcveloj)ing  embryo;  in  others  it  lorms 


Micropyle 
Funiculus 

Fijj.  14:12  Longitudinal  section  of  an 
ovule  of  the  shepherd'.s  pui>e  {Capsella), 
.shoNving  the  e.irly  cle\ elopir.ent  of  the 
embryo  and  the  other  structures  which 
contribute  to  the  formation  of  the  seed. 
I  rr)m  Smith,  Overton,  ft  <jL,  I (xtbook 
of  Cfunal  liolany.  The  Macmillan  Com¬ 
pany. 
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a  part  of  the  seed  which  is  later  absorbed  by  the  young  plant  Avhcn  it 
germinates. 

During  the  development  of  the  seed  the  antipodal  cells  and  the  syncr- 
gids  disappear  as  the  female  gametophyte  becomes  the  endosperm.  1  he 
nucellus  also  usually  disappears. 

The  outer  and  inner  integuments  which,  it  will  be  remembered,  are  a 
part  of  the  previous  sporophyte  generation  form  protective  seed  coats 
or  a  single  seed  coat. 

In  this  description  of  the  development  of  the  seed  we  have  accounted 
for  the  different  parts  of  the  ovule  and  have  seen  that  three  different 
generations  in  the  life  cycle  of  the  j)lant  have  contributed.  We  may  now 
consider  the  nuclear  conditions  in  these  different  parts.  I  he  haploid 
number  of  chromosomes  may  be  indicated  by  and  the  diploid  number 
by  2n.  The  nuclei  of  the  sporophyte  will  then  have  2n  chromosomes  while  ! 
the  nuclei  of  the  gametophyte  and  the  gametes  have  n.  7'he  endosperm  ! 
nuclei  are,  however,  peculiar,  since  they  h.ive  been  shown  to  arise  from 
the  mitotic  division  of  a  nucleus  winch  is  formed  from  the  union  of  two 
gametophyte  nuclei  and  one  sperm  nucleus,  d  heir  chromosome  number 
is  3n.  The  following  table  shows  in  tabular  form  the  nuclear  constitution 
of  the  parts  of  the  seed  : 


TABLE  14:1.  ORIGINS 

OF  THE  P.\RTS  OF 

.VNGIOSPERM 

SEED 

SEED  STRUCTURE 

ORIGIN 

GENERATION 

NUCLEAR 

CONDITION 

Seed  coats 

Integument 

.SpKjrophytc  I 

2n 

Endosperm 

Part  of  female  gametophyte 
plus  sperm  nucleus 

3n 

Embryo 

Zygote 

Sporophyte  II 

2n 

A  seed  is  thus  seen  to  be  a  ripened,  i.e.,  fully  developed  ovule.  The  seed 
is  an  adaptation  to  life  on  land  and  the  seasonal  climatic  changes  to 
which  life  on  land  is  particularly  subjected.  The  embryo  plant  is  pro¬ 
tected  during  its  early  development  and  remains  dormant  until  favorable 
conditions  for  its  further  development  arise. 

H.  THE  FRUIT 

All  these  changes  leading  to  the  development  of  a  seed  take  place  in 
the  ovule  in  the  ovary,  and  while  they  are  going  on  the  ovary  is  changing 
into  a  fruit.  The  fruit  of  the  buttercup  is  formed  from  a  single  carpel  and 
contains  only  one  seed.  The  carpel  dries  up,  becomes  closely  applied  to 
the  seed  and  does  not  dehisce,  i.e.,  break  open,  to  liberate  the  seed.  Such 
fruits  are  popularly  taken  for  seeds;  the  botanical  term  for  them  is  akene 
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/.  THE  STRUCTURE  AND  GERMINATION  OF  THE  SEED 

The  seed  contains  an  embryo  sporophyte  and  sufficient  food  materials 
stored,  either  in  the  seed  leaves  of  the  embryo,  or  in  the  endosperm,  to 
provide  for  the  growth  of  the  embryo  until  it  is  able  to  manufacture  its 
own  food  materials.  Seeds  differ  much  in  general  appearance  and  the 
proportions  of  the  internal  structures  depending  on  where  the  food  mate¬ 
rials  are  stored  and  the  stage  of  development  of  the  embryo. 


14:13  Seed  of  the  bran  .iiul  its  A.  seed  on  its  siilr;  H,  longitudinal 

s<*ction  of  a  bean  si-rd ;  (1,  b<*ginning  of  grnnination ;  D,  voting  S('<*dling.  Krtlrawn  altvi 
I'rancis  Darwin,  Elcmruts  oj  Ihluny,  (ianibridgr  I'nivrisity  I’rcss. 

The  slriK'tiirc  of  a  dicotyledon  seed  without  eiulosj)t  rin  may  be  eon- 
veiiieiitly  studied  in  the  seed  of  the  be.m  (I'ig.  11:13).  On  the  concave 
e(lg(‘  of  (he  seed  is  a  long  n.irrow  sear,  (mIIciI  tlie  hiliiin.  I  his  scar  marks 
(he  surlaet*  whert*  the  stalk  or  fiiniciihis  ol  the  o\'ule  was  attaehetl.  Just 
beyond  the  hilum  on  the  same  side  ol  the  st'cd  is  the  pi'rsistt'iit  inicro- 
pylc.  When  split  longitudinally  through  the  hilum,  tin*  st'cd  is  seen  to 
he  enclosed  in  two  seed  coat.s  which  are  tdosely  adherent  to  ('aeh  otlu'r. 
The  sj)aee  inside  the  st'cd  coals  is  almost  entirely  lilled  by  th('  two  seed 
leaves  oi  cotyledons  whi(  h,  being  mainly  ('oiu'crned  with  tlu'  .storage' 
of  food  materi.ils,  .ippe'.ir  unlike'  e)rdinary  le.ive's.  He'lwe'e'n  the  Iwe) 
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cotyledons  and  the  seed  coats,  on  the  side  toward  the  hilum,  is  the  re¬ 
mainder  of  the  embryo  (the  cotyledons,  being  seed  leaves,  are  part  of  the 
embryo).  This  part  of  the  embryo  consists  of  an  embryonic  shoot  and 
root.  The  embryonic  shoot  is  called  the  plumule.  In  the  bean  it  consists 
of  little  more  than  two  immature  foliage  leaves.  In  some  seeds  a  short 
embryonic  stem,  called  the  epicotyl,  extends  above  the  cotyledons. 
Extending  below  the  attachment  of  the  cotyledons  is  the  hypocotyl 
which  ends  in  an  embryo  root  called  the  radicle. 

In  the  seed  the  development  of  the  young  sporophyte  is  suspended. 
That  the  embryo  plant  is  still  alive  may  be  proved  by  showing  that  seeds 
respire,  i.e.,  take  in  oxygen  and  give  off  carbon  dioxide.  Germination  is 
the  resumption  of  growth  and  development  by  the  embr>’0  sporophyte. 
For  this,  certain  conditions  are  necessary.  7'hc  most  important  of  these  are 
water,  a  favorable  temperature,  and  oxygen.  Water  softens  the  seed 
coats,  causes  the  seed  to  swell  and  burst  the  seed  coats,  facilitates  the 
passage  of  oxygen  into  the  seed  and  of  carlx)n  dioxide  out  of  it,  and  by 
entering  into  the  protoplasm  facilitates  the  movement  of  food  materials 
and  the  processes  of  metabolism.  For  most  seeds  there  is  an  optimum 
temperature  at  which  they  develop  most  rapidly,  a  maximum  tempera¬ 
ture  above  which  they  will  not  develop,  and  a  minimum  temperature 
below  which  they  will  not  develop.  Oxygen  is  necessary  for  the  process 
of  respiration  by  means  of  which  encrg\^  for  the  growth  processes  is  lib¬ 
erated. 

The  germination  of  a  bean  seed  will  serv'e  as  an  example  of  how  the 
young  plant  establishes  itself  (Fig.  14:13,  C,  D).  The  radicle  grows  out 
near  the  micropyle  and  enters  the  ground.  I'he  hypocotyl  then  grows 
rapidly  and  lifts  the  cotyledons  from  the  ground.  The  plumule  grows 
upward  and  becomes  a  young  shoot  with  leaves.  During  this  time  the 
food  materials  stored  in  the  cotyledons  are  used  by  the  growing  root 
and  hypocotyl.  When  freed  from  the  seed  coats,  the  cotyledons  become 
green  and  carry  on  photosynthesis. 

J.  SUMMARY  OF  THE  LIFE  CYCLE  OF  A  FLOWERING  PLANT 

The  life  cycle  of  a  flowering  plant  (Fig.  14:14)  may  be  compared  with 
that  of  the  pine  or  in  more  general  terms  with  that  of  the  fern.  The 
‘‘plant”  which  bears  the  flowers  is  the  sporophyte.  The  flowers  contain 
two  kinds  of  sporophylls,  stamens  and  carpels.  The  stamens  are  micro- 
sporophylls  and  the  pollen  sacs  are  microsporangia.  The  pollen  grains 
formed  in  the  pollen  sacs  are  at  first  microspores.  The  carpels  are  mega- 
sporophylls  and  bear  the  ovules  which  are  in  large  part  megasporangia. 
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In  the  ovule  are  formed  the  megaspores  of  which  only  one  is  capable 
of  development.  This  megaspore  develops  in  the  ovule  into  a  female 
gametophyte  called  in  this  case  the  embryo  sac.  Throughout  its  life  the 
female  gametophyte  is  dependent  on  the  sporophyte  for  the  necessities 
of  its  existence  and  in  its  mature  state  in  most  flowering  plants  contains 
only  eight  nuclei,  one  of  which  is  contained  in  the  egg  cell.  The  male 


gainctophyK'  b(*gins  its  dcvclopiiK'iU  whiU'  slill  in  the  pollen  sac,  the 
protoplasm  in  the  |)oll(‘n  grain  dividing  into  a  tube  e('ll  and  a  generative 
cell.  I'urther  develoj)ment  of  th<'  male  gametophyte  is  conditional  on  the 
pollen  being  transferred  to  a  stigma.  Here  the  jK)llen  tiilx'  grows  down  to 
the  egg  ('(*11  and  th(*  generative*  nuel(*us  divid(*s,  giving  rise  to  two  sperm 
nucl(*i.  Oik*  of  (Ik*  sperm  nuclei  (*nt(*is  the  egg  ('ell  and  lertilization  leads 
to  (h(*  (l(*v(*l()pm(*n(  of  an  (*mbryo  and  tlu*  l)(*ginning  ol  a  second  sp(^ro- 
phyle  g('n(*rali()n.  Th(*  oth(*r  s|)<*rm  nucleus  unit(*s  with  the  two  nuclei 
of  tlu*  [)rimary  (*n(los|)(*rm  and  tlu*  division  ol  tlu*  r(*sulting  nucleus  l(*a(ls 
to  tlu*  formation  of  the  (*n(los|)(*rm.  'rhr(*('  (lill(*rent  kinds  ol  C(*lls  t.ik(* 
part  in  tlu*  formation  of  tlu*  s(*(*(l  and  arc*  r<*j)i('S(*nt(*(l  by  the  embryo,  the 
(*n(losperm,  and  tlu*  s(*ed  coats,  l  lu*  mu'h'i  ol  all  the  g.mu*tophyte  stage's 
ar(*  haploid  (//),  those*  of  tlu*  spoi'ophvt(*  stages  arc*  diploid  (2n).  llu* 
endos|)(*rm  mu'lc'i  usually  have*  the*  ('hromo.some*  numbe'r  }ri. 
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2.  THE  ALTERNATION  OF  GENERATIONS  AND  THE  EVOLUTION 
OF  THE  SPOROPHYTE 

In  considering  the  evolution  of  the  plant  body  in  the  Bryophyta, 
Pteridophyta,  and  Spermatophyta  we  must  not  forget  that  in  plants 
where  there  is  an  alternation  of  generations,  we  can  properly  compare 
only  plant  bodies  which  belong  to  the  same  generation  (Fi^  14:15). 


Liverwort  Fern  Pine  Flowering  plant 

Fig.  14:15  The  relative  development  of  the  sp)orophytc  and  gametoph>'te  generations 
in  the  evolution  of  a  flowering  plant  from  the  liverwort  stage. 

Thus  in  comparing  a  moss  with  a  flowering  plant  we  are  tempted  to  be 
influenced  by  the  superficial  resemblance  of  the  gametophyte  of  the  moss 
with  the  sporophyte  of  a  flowering  plant,  yet  the  sporophyte  of  the  flow¬ 
ering  plant  cannot  be  descended  from  the  gametophyte  of  a  moss  since 
they  belong  to  different  generations  and  are  fundamentally  different, 
for  example  in  nuclear  constitution,  the  one  having  haploid  nuclei  and 
the  other  having  diploid  nuclei.  The  similarity  of  the  plant  bodies  of  the 
moss  gametophyte  and  the  sporophyte  of  some  flowering  plants  is  an 
example  of  parallel  evolution  also  called  convergence.  By  convergence 
is  meant  a  similarity  between  organisms  which  is  not  due  to  closeness  of 
relationship  by  descent. 
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In  attempting  to  trace  the  evolution  of  the  sporophyte  we  may  begin 
with  the  sporophyte  of  a  liverwort  such  as  Marchantia  which  consists  of 
little  more  than  a  cup  enclosing  spores  and  which  is  entirely  dependent 
for  its  nourishment  on  the  gametophyte.  The  sporophyte  of  a  moss  such 
as  Funaria^  although  probably  not  on  the  direct  line  of  descent  of  the 
higher  plants,  shows  us  some  of  the  steps  which  may  have  occurred: 
namely  the  development  of  a  stalk  bearing  the  spores  in  a  capsule  or 
sporangium,  and  the  development  of  specialized  sporophyte  tissues 
including  cells  containing  chloroplasts  and  capable  of  carrying  on 
photosynthesis. 

Passing  to  the  Pteridophyta  we  find  that  in  the  fern  the  sporophyte  is 
an  independent  plant  possessing  a  stem,  leaves,  and  roots.  With  the 
appearance  of  these  structures  is  associated  the  development  of  conduct¬ 
ing  and  supporting  tissues.  The  sporophyte  of  the  Spermatophyta  shows 
a  still  greater  complexity  than  that  of  the  Pteridophyta,  especially  in 
its  conducting  tissues. 

In  many  Pteridophyta  the  spores  arc  borne  on  special  leaves  or 
sporophylls  and  in  certain  forms  two  kinds  of  spores,  inicrospores  and 
megaspores,  arc  present,  giving  rise  respectively  to  male  and  female 
gametophytes.  In  the  Spermatophyta  the  male  and  female  gametophytes 
are  minute  dependent  plants,  the  female  gameto{)hyte  undergoing  its 
entire  development  within  the  ovule,  where  fertilization  and  the  early 
development  of  the  young  s{)oro|)hyte  occur,  leading  to  the  lormation  ol 
the  seed.  7  he  many  and  complex  varieti('s  t)f  flowtas  have  been  evolved 
as  adaptations  of  difTerent  methods  of  pollination  ('speciallv  by  insects: 
the  ecjually  numerous  and  comj)lex  varieii(‘s  of  s^aals  and  Iruits  have  de¬ 
veloped  as  adaptations  to  the  disp('rs.il  of  tin*  s|)eeies. 

'The  almost  continuous  .series  of  stage's  from  the*  iiu'ie  ball  ot  spore 
motlier  cells  to  the  complex  structure  of  a  h.irdwood  tn'e  provide'  strong 
if  not  conviru'ing  e'vide'uce'  of  the'  e've)lution  l.mil  j)lants  trom  some 
sim|)le',  |)re)bal)Iy  algal,  ance'ste)r  e)r  ane<'st(Ms.  I  his  evolution  eit  the 
spore)phyt<'  has  be'e'u  ace'e)mj).mie'd  by  a  ('e)ire'sj»( )nding  re'treigre'ssie)n  e)l 
the'  game‘toj)hyt('  ge'ne'ratie)n,  ne'ee'ssitate'el  no  doulM  l>y  the  e.xige'ucie's  e)l 
life'  e)n  land  (I'ig.  I  4: 1  .a). 

3.  TYPES  OF  INFLORESCENCES,  FLOWERS,  SEEDS,  AND  FRUITS 
A.  INFLORESCENCES 

7'he'  Ile)we'rs  e)f  llie-  butte'i'cup  en'i'iir  sini'Jy  and  e'ae'h  is  be)rne'  e)n  the' 
e'lid  e)f  a  fIe)W('r  stalk  e)r  peduncle  w  hich  .irise's  from  the'  axil  e)l  a  loli.ige' 
leaf.  In  many  plants  the'  lle)we'rs  are'  arrangc'd  in  groups  e)n  the  end  or  e)n 
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branches  of  the  peduncle  forming  an  inflorescence.  Inflorescences  arc 
classified  according  to  their  method  of  growth  into  racemose  and  cymose 
inflorescences.  In  a  racemose  inflorescence  the  youngest  flowers  arc 
nearest  the  tip  of  the  main  stalk  or  peduncle  or  on  the  youngest  branches 
which  are  those  nearest  the  tip.  In  a  cymose  inflorescence  the  reverse 
is  the  case  and  the  oldest  flowers  arc  at  the  tip  of  the  main  axis  and  on 
the  branches  nearest  to  it.  Either  kind  of  inflorescence  may  be  cither 
simple  or  compound  according  to  the  method  of  branching.  A  simple 
inflorescence  is  one  in  which  the  flowers  arc  either  sessile,  i.e.,  without 
separate  stalks,  or  on  branches  which  do  not  again  branch.  In  a  com¬ 
pound  inflorescence  the  branches  give  rise  to  branches  which  may  again 
branch. 

Simple  racemose  inflorescences  include  the  spike,  raceme,  corymb, 
umbel,  and  head  (Fig.  14:16).  In  a  spike  the  main  axis  is  elongated  and 


the  flowers  are  sessile  or  practically  so.  A  familiar  example  is  the  plantain 
(genus  Plantago).  When  the  axis  of  a  spike  is  fleshy  or  thickened  the 
inflorescence  is  called  a  spadix.  Usually  it  is  enveloped  in  a  large  and 
peculiar  leaf  called  a  spathe  as  in  the  common  jack-in-thc-pulpit  (genus 
Arisaema)  (Fig.  39:6).  The  short,  hanging,  scaly  spikes  of  many  common 
trees,  e.g.,  willow  (genus  Salix)  are  called  catkins.  A  raceme  is  similar 
to  a  spike  but  the  flowers  are  on  stalks  or  pedicles.  The  lily  of  the  valley 
(genus  Convallaria)  and  the  common  red  currant  (genus  Ribes)  are 
examples.  In  a  corymb  the  pedicles  of  the  older  flowers  are  longer  than 
those  of  the  younger  so  that  the  flowers  come  to  be  in  one  plane.  An 
example  is  the  hawthorn  (genus  Crataegus).  In  an  umbel  the  main 
axis  is  short  and  the  pedicles  are  of  approximately  equal  length  so  that 
the  flowers  come  to  be  on  a  portion  of  a  sphere  and  form  a  “ball.”  The 
flowers  of  the  cherry  form  a  simple  umbel.  In  a  head  the  axis  is  short 
and  the  flowers  are  arranged  in  a  globular  mass  as  in  the  clover  (genus 
Trifolium)  or  on  a  disc  forming  what  the  older  botanists  called  a  com- 
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pound  flower,  a  structure  which  is  characteristic  of  the  family  Com- 
positae.  An  example  is  the  sunflower  (genus  Helianthus). 

A  compound  spike  is  seen  in  wheat  (genus  Triticum)^  (Fig-  17:1)  a 
compound  raceme,  called  a  panicle,  is  seen  in  the  oat  (genus  Avena),  a 
compound  umbel  in  the  parsnip  (genus  Pastinaca  and  many  members 
of  the  order  Umbellales). 

Cymose  inflorescences  are  much  less  common  than  racemose.  The 
peduncle  is  usually  branched  giving  rise  to  what  is  called  a  cyme.  A 
simple  cyme  is  seen  in  the  crab  apple  (genus  Pyrus)^  a  compound  c\Tne 
in  the  hydrangea  (genus  Hydrangea) . 

B.  TYPES  OF  FLOWERS 

Flowers  show  great  variety  of  structure  and  their  characteristics  are 
much  used  in  the  classification  and  separation  of  the  different  genera  and 


Fig.  14:17  rii(!  flower  of  I rilliurn  (.sulx'las5  Moiiocoiylcdonc.ir)-  the  left,  a  view 
looking  into  the  flower.  On  the  right,  a  floral  di.igrain.  Redrawn  from  Chamberlain, 
Elements  nf  Plant  Science,  by  permi.ssion  of  McCraw-llill  Book  Company,  Inc. 

species  of  flowering  plants.  Many  of  llie  features  may  be  conveniently 
shown  in  a  floral  diagram  (lug.  14:17). 

riie  .symmetry  of  the  flower  as  a  witole  is  usually  radial.  In  this  case  the 
flower  is  said  to  be  regular  as  in  I'ig.  14:17.  Many  flowers  are  bilaterally 
syininetrical  and  are  then  said  by  botanists  to  be  irregular  (fig.  14:19). 
'Typically  a  flower  has  the  saint'  numbt'r  of  .sepals  and  jH'tals  but  there 
are  often  two  whorls  of  stamens,  i.t'.,  twice  as  many  stamens  as  petals: 
thus,  the  flower  in  lug.  14:17  has  three  sep.ils,  three  jK'tals,  six  stamens, 
and  three  carpels.  Sut  h  a  flower  is  said  to  bt'  numerically  .symmetrical, 
f  lowers  are  termed  monomcrous,  dimerous,  trimerous,  tetramerous, 
peiitamerous,  and  liexamerous  ticcording  as  there  are  one,  twt),  tliree. 
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A.  Hypogynous  Flower  (superior  ovary) 
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tour,  five,  or  six  members  in  a  whorl.  Most  flowers  are  cither  pcntamer- 
ous,  trimerous,  or  tetramerous  in  the  order  named. 

The  number  of  members  in  any  one  or  more  of  the  whorls  may  deviate 
from  that  of  the  rest.  This  most  frequently  happens  in  the  case  of  the 

stamens  and  carpels.  The  number  of 
stamens  is  commonly  multiplied  so  that 
there  arc  two  or  more  whorls,  indeed 
two  whorls  occur  more  often  than  one. 
I'he  stamens  may  be  reduced  in  number, 
a  condition  which  occurs  in  orchids.  The 
number  of  carpels  is  frequently  reduced. 
I'hus  there  may  be  only  three  or  one  in 
a  pentamerous  flower. 

Suppression  or  abortion  occurs  when 
an  entire  whorl  is  absent  from  a  flower. 
I’his  is  most  conspicuous  when  cither 
the  stamens,  which  collectively  compose 
the  androecium,  or  the  pistil  or  pistils 
which  compose  the  gynoecium,  arc 
wanting.  Such  a  condition  gives  rise  to 
unisexual  or  imperfect  flowers.  Mowers 
with  stamens  but  without  pistils  are  said 
to  be  staminate  or  male.  Mowers  with 
pistils  but  without  stamens  are  said  to  be 
pistillate  or  female.  When  the  male 
and  female  flowers  occur  on  the  same 
plant  the  species  is  monoecious.  When 
they  occur  only  on  different  plants  the 
species  is  dioecious. 

The  parts  of  a  plant  may  grow  to¬ 
gether  and  become  united  in  various 
ways.  When  the  members  of  the  same 
whorl  adhere  the  condition  is  called 
coalescence.  This  is  most  frequent  in  the  case  of  the  g^moccium  and 
leads  to  the  formation  of  a  compound  pistil.  When  the  petals  are 
united  the  flower  is  said  to  be  sympetalous.  Another  kind  of  union, 
called  adnation,  occurs  when  members  of  different  whorls  unite.  The 
union  of  the  stamens  for  a  portion  of  their  length  with  the  petals  is  the 
commonest  kind  of  adnation. 

As  already  referred  to,  the  carpels  are  frequently  united  to  form  a 
compound  pistil.  In  a  compound  pistil  the  usual  arrangement  is  for 


C.  Epigynous  Flower  (inferior  ovary) 
Fig.  14:18  Types  of  flowers.  Re¬ 
drawn  after  Asa  Gray,  Structural 
Botany^  The  Mamillan  Company. 


313 


Art.  3  INFLORESCENCES,  FLOWERS,  SEEDS,  AND  FRUITS 

each  carpel  to  surround  a  locule  and  for  the  portions  of  the  carpels 
which  correspond  to  the  margins  of  the  sporophylls  to  meet  in  the  axis 
of  the  ovary.  The  number  of  locules  is  then  equal  to  the  number  of  car¬ 
pels.  The  ovules  are  then  attached  at  the  axis  which  is  called  axial 
placentation  (Fig.  14:18  A).  Sometimes  the  partitions  between  the 
locules  disappear  giving  rise  to  free  central  placentation  (Fig.  14:18  C). 
In  another  arrangement  the  margins  of  the  carpels  join  in  the  outer  wall 
of  the  ovary  to  form  a  single  large  locule  (Fig.  14:18  B).  The  o\'ules  are 
then  attached  near  the  lines  of  fusion,  and  the  placentation  is  called 


Fig.  14: 19  Pollination  in  the  common  sage,  Salvia.  A,  a  Ix'c  is  visiting  a  flower  and  re¬ 
ceiving  pollen  from  two  anthers,  an,  which  torn  down  iip)on  its  IxkIv  as  the  Ix'c  enters. 
B,  a  flower  with  the  anthers  in  the  erect  position  and  the  stigma,  st,  ready  to  receive 
pollen.  After  Lubbock,  from  Bergen  and  Davis,  Principles  of  Dctany,  Ginn  and  C^ompany. 


When  die  rcc(*[)taclc  is  rounded  or  clul)-slia|ied  and  tlie  |)arts  ol  the 
flower  arise  directly  from  it  as  is  tlie  case  in  tlu*  lily  (ttenus  Lilium)  the 
flower  is  said  to  b('  hypogynous  (meanini^  bcMieath  the  gynoecium), 
and  the  ovary  is  .said  to  be  a  superior  ovary  <  I  ig.  14:18  .\).  When  the 
receptacle  grows  ii|)  around  tlie  ov.iry  but  remains  separate  from  it 
forming  a  cuj)  or  tube  to  tlx*  u|)j){'r  margin  of  whic  h  tlu*  other  parts  ol 
th(!  flower  are  attached  the  Mower  is  said  to  Ix'  pcrigynoiis  (meaning 
around  the  gynoeeium)  (I'ig.  14:18  B).  When  tlu'  reec'ptaele  grows 
about  and  completely  encloses  the  ovary  adhering  to  it  and  the  other 
|)arts  arise  on  top  of  it  tin'  Mower  is  s*ud  to  lx*  cpigynoiis  (uK'aning  on 
the  gyncx'eiimi)  and  the'  ov.u'v  is  called  an  inferior  ovary  ( I'ig.  14:18  (  .). 

Many  Mowers  are  sclf-pollinatcd,  i.e.,  pollen  Irom  the  st.mu'ns  j)a.s.s(\s 
to  the  stigma  of  the  same  Mower  or  to  tin*  stigma  ol  anoth(*r  Mower  on 
the  same  plant.  Cros.s-poI I i nation  occuis  when  polh'n  Irom  (XU*  j)l.mt  is 
transferred  to  the  stigma  of  a  Mower  on  another  plant.  Vhr  two  chiel 
metlxxls  of  transfer  of  pollen  ar<'  by  wind  and  1)V  insec  ts.  Both  ol  these' 
m('th(xls  usu.illy  lead  to  ('ross-|x)llination.  I’ollin.ition  bv  wind  rc'quirc's 
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the  production  of  large  quantities  of  pollen  and  is  somewhat  uncertain. 
Wind-pollinated  flowers  are  usually  small  and  inconspicuous.  Insect 
pollination  has  the  advantage  of  requiring  less  pollen.  In  many  cases 
special  adaptations  have  been  developed  to  attract  imsccts  and  secure 
the  transfer  of  pollen  by  them.  An  interesting  example  is  found  in  the 
common  sage.  In  the  flower  of  this  plant  the  anthers  mature  earlier  than 
the  stigmas.  By  a  peculiar  mechanism  (Fig.  14:19)  the  two  anthers  when 
ripe  with  pollen  are  pressed  down  on  the  body  of  the  visiting  insect  while 
the  still  immature  stigma  is  protected  in  the  upper  part  of  the  flower. 
As  the  flower  becomes  older  the  anthers  wither  and  the  style  elongates 
and  bends  downward,  placing  the  stigma  in  the  path  of  the  visitor. 
Even  more  complicated  mechanisms  to  ensure  cross-pollination  by  insects 
are  found  in  the  orchids  (family  Orchidaceae). 


Fig.  14:20  Longitudinal  section  of  a  grain  of 
corn.  From  Smith,  Overton,  et  al.^  Textbook  of 
General  Botany^  The  Macmillan  Company. 


C.  TYPES  OF  SEEDS 

Seeds  may  be  divided  into 
those  which  contain  an  en¬ 
dosperm  and  those  which  do 
not.  In  the  case  of  seeds 
without  an  endosperm,  an 
endosperm  may  be  formed 
in  the  early  stages  and  be 
absorbed  into  the  embryo. 
Seeds  may  also  be  classified 
according  to  the  number  of 
cotyledons  present  into  mo- 
nocotyledonous,  dicotyledon¬ 
ous,  and  polycotyledonous. 

The  bean  seed  (Fig.  14:13) 
described  in  the  account  of 
the  life  cycle  of  a  flowering- 
plant  is  an  example  of  a 
dicotyledonous  seed  with¬ 


out  endosperm.  The  seed  of  the  corn,  ^ea  mays  (Fig.  14:20)  is  an  example 
of  a  monocotyledonous  seed  with  an  endosperm,  the  seed  of  the  pine 
(Fig.  13:9)  is  an  example  of  a  polycotyledonous  seed  with  endosperm. 
The  seeds  of  most  monocotyledons  and  gymnosperms  have  an  endo¬ 
sperm.  Some  dicotyledons  have  an  endosperm  and  some  do  not. 

A  considerable  portion  of  the  corn  seed  is  occupied  by  the  endosperm 
which  consists  of  horny  and  starchy  portions.  To  one  side  of  the  endo- 
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sperm  is  the  single  cotyledon,  and  between  it  and  the  seed  coats  is  the 
remainder  of  the  embryo.  There  is  an  epicotyl  and  two  or  more  immature 
foliage  leaves,  covered  with  a  caplike  structure  called  the  coleoptile. 

D.  TYPES  OF  FRUITS 

A  true  fruit  is  developed  from  an  ovary  and  its  contained  seed  or 
seeds.  However,  many  common  fruits  involve  other  structures  such  as 
the  receptacle,  petals,  and  sepals.  Such  fruits  are  called  accessory  fruits. 
The  tomato,  Lycopersicum,  is  developed  from  a  single  superior  ovar^^  and 
is  a  true  fruit.  The  gooseberry,  Ribes,  on  the  other  hand  is  developed 


Fig.  14:21  A  strawberry,  an  aggregate  fruit,  drawn  in  surface  view  and  in  longitudinal 
section.  The  “seeds”  or  “achenes”  are  formed  from  single  ovaries.  I'he  fleshy  part  is  the 
receptacle  of  the  flower.  From  Smith,  Overton,  et  al.^  Textbook  oj General  Botany,  The  Mac¬ 
millan  Company. 

from  an  inferior  ovary  and  the  receptacle  takes  part  in  its  formation. 
It  is  therefore  an  accc.ssory  fruit. 

Another  grouping  of  fruits  is  into  simple,  aggregate,  and  multiple. 
A  simple  fruit  contains  a  single  ripened  ovary,  which,  however,  may 
be  a  compound  ovary.  I  hc  tomato  and  gooseberry,  relerred  to  above, 
are  simple  fruits.  An  aggregate  fruit  is  developed  from  a  single  flower 
and  contains  .sevc'ral  ripenc'd  ovaries,  d  he  strawlK'rry  is  an  example  of 
an  aggregate*  fruit  (I'ig.  14:21).  It  is  al.so  an  aeee'.ssory  fruit,  the  fleshy 
portion  b(‘ing  develope-d  from  the*  ree('|)tael('  of  tlu*  flower.  Fhe  ovaries 
form  the  small  hard  bodies  distributed  on  the  surface  of  the  strawberry. 
A  multiple  fruit  is  developed  from  a  elustc'r  of  flowe'i  s  or  an  inflorescence 
whic  h  has  the  form  of  a  short  spike,  d  he  pineapple  is  an  example 
(Fig.  14:22). 

Simple  fruits  may  be  divided  into  fleshy  and  dry.  In  a  fleshy  fruit 
tfie  ovary,  and  accessory  parts  if  present,  develop  into  tlu*  fleshy  or  sue- 
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culent  part.  In  a  dry  fruit  this  portion  becomes  dry  and  hard.  Common 
types  of  simple  fleshy  fruits  are  the  drupe,  berry,  and  pome. 

The  drupe  is  seen  in  such  fruits  as  the  plum,  peach,  cherry’,  apricot, 
and  almond.  In  this  type  of  fruit  the  outermost  layers  of  the  ovary  wall 
form  the  skin,  the  intermediate  layers  form  the  fleshy  portion,  while 

^  the  innermost  layers  form  the  hard 
“stone*'  iaside  which  is  the  compara¬ 
tively  soft  seed  (Fig.  14:23).  In  the 
almond  the  intermediate  layers  are 
llesliy  in  the  earlier  stages  and  later 
become  fibrous.  In  this  case  the  portion 
eaten  as  the  “nut”  is  really  the  seed. 

A  berry  may  be  developed  from  a 
single  or  a  compound  ovary.  The  inner 
j)oition  of  the  ovary  wall  and  the 
partitions  between  the  locules  are  thick 
and  juicy.  A  berry  is  easily  distinguished 
from  a  drupe  as  it  has  no  inner  “stone,” 
and  the  seeds  appear  to  be  imbedded 
in  the  juicy  mass.  The  fruit  of  grape, 
tomato,  orange,  watermelon,  squash, 
and  cucumber  are  berries. 

1  he  pome,  from  the  French  for 
“  apple,”  is  somewhat  similar  to  a  berry 
but  the  greater  part  of  the  fleshy  tissue 
is  developed  from  a  floral  tube  which 
consists  of  the  bases  of  the  sepals, 
petals,  and  stamens,  and  the  inner 
portion  which  forms  the  “core”  is 
papery  and  developed  from  the  ovary 
(Fig.  14:24).  The  outer  ends  of  the 
sepals  often  persist  at  the  end  of  the  apple  opposite  to  that  attached  to 
the  stalk.  Examples  include  apple,  pear,  and  quince. 

Simple  dry  fruits  are  distinguished  as  dehiscent  and  indehiscent. 
Dehiscent  fruits  split  open  when  they  are  ripe.  Two  common  forms  of 
dehiscent  fruits  are  the  legume  and  the  capsule.  A  legume  such  as  the 
pea  or  bean  is  formed  from  a  single  carpel  and  splits  open  along  two 
sutures,  one  corresponding  to  the  midrib  of  the  carpel,  the  other  to  the 
line  along  which  the  right  and  left  margins  are  fused  (Fig.  14:25).  The 
peanut,  although  it  does  not  spontaneously  split  open  is,  nevertheless, 
classified  as  a  legume.  A  capsule  is  formed  from  two  or  more  carpels 


Fig.  14:22  A  pineapple,  a  multiple 
accessory  fruit.  From  Smith,  Gilbert 
et  al.,  Textbook  of  General  Botany^  The 
Macmillan  Company. 
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and  may  dehisce  in  different  ways  depending  on  the  species.  The  capsule 
of  the  poppy,  for  example,  opens  by  a  number  of  pores,  while  that  of 
the  lily  splits  along  the  midribs  of  the  carpels. 


Fig.  14:23  A  plum,  an  example  of  a  drupe,  shown  in  longitudinal  section.  From  Smith, 
Overton,  et  al.^  Textbook  oj  General  Botany,  The  Macmillan  Company. 

Common  forms  of  simple,  dry,  indehiscent  fruits  are  the  achenc, 
grain,  samara,  and  nut.  An  achene  is  a  onc-sccdcd  fruit  with  the  seed 
attached  to  the  ovary  at  one  point  only.  Examples  are  found  in  the 
buttercup,  sunflower,  and  buckwheat.  A  grain  is  a  onc-sccdcd  fruit 

Calyx  lobe 

Stamens 
Styles 
Endocarp' 

Seed 

Cortex  of. 
receptacle 

Core-lino 
(Vascular 
bundles) 

Pith  of 
receptacle 

Exocarp  and> 
mesocarp 

Fig.  14:24  An  apple,  an  <'xainpl<*  of  a  pome,  in  section  showing  the  .structure  of  the 
fruit.  Repro(luc<*(l  hy  pr'i  inission  from  i  loiui.m  .uul  Kohbins,  I  exthook  oJ  (t'enetal  Botany, 
john  Wiley  <S:  Sons,  Inc. 

with  the  .S(‘C(1  attaclu'cl  cverywhen*  to  the  ovary  (Eig.  14:20).  Grains 
include  corn  and  wheat,  rice,  barley,  and  the  (Mhcr  plants  of  tlu'  gra.ss 
group.  In  a  samara,  which  in.ty  be  a  one-  or  two-sc('d('(l  fruit,  the  wall 
o(  the  ovary  forms  wingjike  otiti;rowths.  I  he  huit  ol  tlu'  maj)l(',  ash,  .uul 
elm  arc  samaras.  /\  nut  may  doN'cIop  from  an  ov.iry  cont. lining,  one  t>r 
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more  ovules,  but  usually  only  one  ovule  develops  into  a  seed.  The  hard 
outer  shell  is  formed  from  the  inner  portion  of  the  ovary  wall,  the  outer 
portion  forming  the  “husk.”  The  almond,  horse  chestnut,  and  Brazil 
nut  are  seeds,  not  fruits. 


Fig.  14:25  Fruit  and  embryo  of  the  pea,  an  example  of  a  legume.  A,  flower  and  young 
fruit;  B,  mature  fruit;  C,  mature  fruit  split  open;  I),  embr>'o  with  one  cotyledon  removed. 
From  Smith,  Overton,  ct  al.,  Textbook  of  General  Botany ^  The  Macmillan  Company. 


TABLE  14:2.  CLASSIFICATION  OF  FRUITS 
(Some  of  these  fruits  are  not  true  fruits  but  accessory  fruits.) 

Simple  Fruits 

Fleshy  (all  fleshy  fruits  arc  indehiscent) 

Drupe  Examples:  plum,  peach,  cherry 


Berry  “ 

Pome  “ 

Dry 

Indehiscent 

Achene  “ 

Grain 

Samara  “ 

Nut 

Dehiscent 

Legume  “ 

Capsule  “ 

Aggregate  Fruits  “ 

Multiple  Fruits  “ 


grape,  tomato,  orange 
apple,  pear,  quince 

buttercup,  sunflower,  buckwheat 
corn,  wheat,  grass 
maple,  ash,  elm 
chestnut,  acorn,  hazelnut 

pea,  bean,  peanut 
lily,  poppy,  Jimson  weed 
strawberry,  raspberry,  blackberry 
mulberry,  pineapple,  fig 
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Questions 

1.  Explain  how  “A  flower  is  best  regarded  as  a  series  of  whorls  of  leav’es.” 

2.  Compare  the  central  portion  of  a  buttercup,  the  part  containing  the  carpels, 
with  the  carpellate  cone  of  a  pine. 

3.  Make  a  floral  diagram  of  a  common  flower,  naming  the  parts. 

4.  Explain  what  is  meant  by  hypogynous,  perig>'nous,  and  epigy^nous  flowers 
and  superior,  half  inferior,  and  inferior  ovaries. 

5.  Describe  the  pollination  of  the  common  sage. 

6.  Compare  the  male  and  female  gametophytes  of  a  flowering  plant  with  those 
of  a  pine. 

7.  Describe  the  development  of  the  seed. 

8.  State  the  conditions  necessary  for  the  germination  of  a  seed. 

9.  Compare  the  life  cycle  of  a  flowering  plant  with  that  of  the  pine. 

10.  In  what  respects  is  a  flowering  plant  better  adapted  to  life  on  land  than  a 
fern? 


Suggestions  for  Further  Reading 

Pool,  Raymond  J.,  Flowers  and  Flowering  Plants^  McCraw-Uill  Book  Company, 
Inc.,  New  ^'ork,  1929. 

Holman,  Richard  M.,  and  W'ilfred  \V.  Rol)l)ins,  /I  I  extbook  of  General  Botany, 
John  Wiley  &  Sons,  Inc.,  New  \'ork,  1934. 


CHAPTER  15 


The  Roof,  Stem,  and  Leaf 
of  the  Seed  Plants 


This  chapter  will  be  devoted  to  a  study  of  the  vegetative  organs  of  tlie 
flowering  plants.  These  are  the  root,  stem,  and  leaf,  d  hey  are  chiefly 
concerned  with  securing  and  storing  food.  We  begin  with  the  root  be¬ 
cause  its  development  can  be  easily  followed  in  a  seedling. 

1.  THE  ROOT 

The  main  functions  of  the  root  are  absorption  of  water  and  inorganic 
salts  from  the  soil  and  anchorage  in  the  ground  for  support  of  the  shoot. 
In  many  plants  the  roots  make  up  a  system  quite  as  extensive  as  that  of 
the  stem  and  leaves  above  ground  and  they  play  almost  as  important  a 
role. 

A.  THE  ROOT  TIP 

(1)  GENERAL  FEATURES  AND  DEVELOPMENT 

The  most  important  parts  of  the  root  for  the  plant  are  the  tips  of  the 
finest  branches,  because  it  is  here  and  here  only  that  the  root  absorbs 
water  from  the  soil.  We  shall,  therefore,  begin  our  study  of  the  root  with 
the  tip  of  the  root  of  a  young  seedling.  The  advantage  of  the  root  of  the 
seedling  for  a  preliminary  study  lies  in  the  fact  that  it  can  be  grown  in 
water  alone  and  obtained  for  microscopic  study  free  from  the  dirt  which 
adheres  to  a  root  grown  in  the  soil. 

If  the  root  of  such  a  seedling  be  examined  under  the  microscope  it  will 
be  found  that  the  surface  is  covered,  from  a  point  somewhat  behind  the 
extreme  tip,  for  a  considerable  distance  with  fine  transparent  hairs 
(Fig.  15:1).  These  are  the  root  hairs.  Further  study  of  a  root  hair  rev-eals 
that  it  is  a  process  extending  from  one  of  the  epidermal  cells  which  form 

the  outer  layer  or  epidermis  of  the  root  (Fig.  15:2).  There  are  no  cross 
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walls  in  the  root  hairs.  Each  root  hair  is  merely  a  part  of  an  epidermal 
cell.  The  nucleus  of  the  cell  is  usually  to  be  found  in  the  root  hair.  The 
root-hair  cell  contains  a  large  vacuole. 

The  root  tip  can  be  divided  into  a  number  of  regions  which  are  not 
sharply  separated  and  overlap  to  a  considerable  extent.  The  extreme  tip 


Fig.  15:1  Structure  of  a  rout  lip.  On  tiie  left,  a  root  tip  of  a  crass  seedling  grown  in 
water.  From  Haupt,  Fundanirntals  liiolopy,  by  [)ermiv^ion  of  tlu'  McCiraw-Hill  Book  Com¬ 
pany.  On  the  right  a  diagram  of  a  longitudinal  sertion  of  .i  root  tip.  f  rom  Smith,  Over- 
ton,  et  al.,  Textbook  oj  (General  liotany^  T  he  Macmillan  Company. 


is  covered  and  protected  by  (he  rootcap,  the  outer  cells  of  which  are 
continually  wearing  away  (lug.  15:1)  as  tlu*  root  j.)ushes  its  way  through 
the  soil.  Just  abovT  the  rooteap  the  cells  are  small,  cubical,  lillcd  with 
protoplasm,  and  frequently  in  the  process  of  division,  riiis  region  of  tlie 
root  is  called  the  embryonic  region  becausf'  it  is  lu'rc  (hat  there  is  the 
most  active  production  of  nt'w  cells.  .\s  we  pass  along  the  root  from  the 
embryonic  region  w(‘  come  into  regions  in  which  tlu'  cells  are  progres- 
siv(‘ly  more  and  more  dilferenti.itcd.  ( lells  bt'conu'  dillcrcntiatcd  as  they 
become  specializt'd.  The  term  clifTerentiation  applit'S  to  tlu'  structural 
changes  which  ac('omj)any  sjua  ialization.  1  )illeri'n(ia(ion  leads  to  the 
formation  of  (issues.  A  ti.s,sue  is  a  group  of  cells  which  are  similar  in 
structure  and  jx-rform  similar  functions. 

In  a  root  (ij)  (he  |)rocess  ol' dillerentiation  can  Ix'  easily  lollowt'd.  In 
order  to  see  the  V'arious  stagt'S  throng, h  whitdi  a  grouj)  ol  ('ells  j).iss  to 
become  a  spec  iall/.('d  tissue  it  is  onU’  ix't  ('.ssary  to  pass  tlx'  ('\('  along  tlu' 
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root,  the  least  differentiated  or  morphologically  youngest  cells  being 
nearest  the  root  tip.  Four  regions  can  be  distinguished.  First  is  the  em¬ 
bryonic  region  already  considered.  Next  comes  a  region  of  cell  elonga¬ 
tion  in  which  the  cells  are  growing  in  length.  I'he  third  region  is  the 
region  of  cell  differentiation.  Here  the  cells  begin  to  undergo  speciali¬ 
zation  and  differentiation.  The  cells  of  the  epidermis  form  root  hairs.  The 
cells  of  the  axial  portion  begin  to  differentiate  into  conducting  tissues. 


The  fourth  and  last  region  is  called  the  mature  region.  It  includes  the 
rest  of  the  root.  Here  the  cells  have  become  differentiated  into  the  various 
tissues  of  the  adult  root. 

(2)  PRIMARY  TISSUES 

Cell  differentiation  leads  to  the  formation  of  tissues  in  the  mature 
region  of  the  root.  In  the  mature  region  of  the  root  tip  of  a  young  root 
these  tissues  are  called  primary  tissues  because  they  are  formed  directly 
by  elongation  and  differentiation  from  the  cells  of  the  embr^'onic  region 
of  the  root.  The  tissues  of  the  root  are  best  studied  in  thin  sections.  We 
will  first  consider  a  cross  section,  taken  at  right  angles  to  the  axis  of  the 
root  in  the  region  of  root  hairs  which  includes  the  youngest  part  of  the 
mature  region  (Fig.  15:3).  In  such  a  region  the  outer  layer  of  cells  which 
was  in  contact  with  the  soil  is  the  epidermis.  The  epidermal  cells  are 
somewhat  flattened  parallel  to  the  surface  of  the  root  and  elongated  in 
the  direction  of  the  axis.  The  term  epidermis  is  generally  applied  to  a 
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tissue  composed  of  cells  covering  a  surface.  In  the  case  of  the  root  many 
of  the  epidermal  cells,  in  addition  to  covering  the  surface,  develop  root 
hairs.  Within  the  epidermis  is  the  cortex,  the  inner  boundary  of  which 
is  formed  by  a  layer  of  cells,  the  endodermis,  somewhat  similar  in  cellu- 
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I  ( '.rosH  sr(  (ion  of  ,)  root  of  .1  simMowrr  pi. ml  .»(  .1  level  at  whieh  c.imhi.il  .u'tivity 
has  »u)t  yet  hr^nn  .md  showing  only  j)rim.ii  y  tissues.  I'rom  .Smith,  Overton,  r/  a/.,  I rxt- 
bnok  of  (irncTdl  Holduy,  1  he  M.iemill.m  ('.omj).my. 
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lar  structure  to  the  epidermis.  The  cells  of  the  cortex,  which  occupy  the 
space  between  the  epidermis  and  the  endodermis,  form  a  type  of  tissue 
called  parenchyma.  Parenchyma  cells  are  not  elon¬ 
gated  and  usually  measure  about  the  same  in  all 
directions.  They  arc  thin  walled  and  may  be  some¬ 
what  irregular  in  shape.  Their  protoplasts  contain 
large  vacuoles  which  serve  for  the  storage  of  water 
and  food  materials.  Parenchyma  cells  occur  not  only 
in  the  root  but  in  many  difTerent  parts  of  the  plant. 
In  them  is  stored  the  starch  and  sugar  of  fleshy  roots 
such  as  the  carrot  and  beet. 

The  ti.ssucs  inside  the  cortex  make  up  the  stele. 
Surrounding  the  stele  and  forming  its  outer  layer, 
just  inside  the  endodermis,  is  the  pericycle,  com¬ 
posed  of  one  or  more  layers  of  cubical  cells.  Within 
the  pericycle  is  a  conspicuous  star-shaped  group  of 
cells,  d'his  appearance  is  the  result  of  cutting  acro.ss 
strands  of  primars’  xylem,  or  woody  ti.ssuc,  which 
run  lcngthwi.se  in  the  stele.  'The  first  cells  to  be  differ¬ 
entiated  in  these  strands  are  called  tracheids  (Fig. 
15:4).  d’hesc  arc  elongated  cells  with  pointed  ends  and 
walls  thickened  in  certain  j)laccs.  In  .some  tracheids 
the  cell  wall  is  thickened  along  a  spiral,  the  part  of 
the  wall  between  the  coils  of  the  spiral  remaining  thin  ; 
these  arc  spiral  tracheids.  In  other  tracheids  the 
thickening  of  the  cell  wall  takes  the  form  of  a  scries 
of  rings,  giving  rise  to  annular  tracheids.  Further 
thickening  of  the  wall  may  occur,  leaving  only  pits 
where  the  cell  wall  is  thin.  The  tracheid  is  then  called 
a  pitted  tracheid.  Tracheids  are  formed  while  elon¬ 
gation  of  the  root  is  still  taking  place.  After  a  time 
the  protoplasts  of  the  tracheids  die,  leaving  the  hol¬ 
low  cells  to  conduct  water  through  the  root.  The 
protoplasts  of  the  cells  of  the  other  primary  tissues 
remain  alive. 

As  development  in  the  root  proceeds,  additional 
cells  along  the  inner  edges  of  the  strands  of  primary 
xylem  also  develop  into  primary  xylem.  Many  of  the 
cells  which  differentiate  into  xvlem  after  the  forma- 


A  B 

Fig.  15:4  A,  a  tra¬ 
cheid  with  spirally 
thickened  wall;  B,  a 


portion  of  a  vessel  with  spirally  thickened  wall.  From  Smith,  Overton,  et  al.^  Textbook  of 
General  Botany,  The  Macmillan  Company. 
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tion  of  the  tracheids  form  vessels.  A  vessel  is  formed  when  a  number  of 
elongated  cells  join  end  to  end  (Fig.  15:4  B).  The  side  walls  develop 
thickenings  similar  to  the  tracheids.  Thus  there  are 
spiral  vessels,  annular  vessels,  and  pitted  vessels. 

The  end  walls  where  the  cells  forming  a  vessel  join 
are  dissolved  away  and  disappear.  As  in  the  case  of 
tracheids,  the  protoplasts  of  the  cells  forming  vessels 
die,  leaving  only  the  cell  walls  in  the  form  of  hollow 
tubes. 

In  the  cross  section  of  the  mature  region  of  the 
young  root  between  the  strands  of  primary  xylem, 
and  alternating  with  them,  are  to  be  seen  sections  of 
the  strands  of  primary  phloem.  These  are  composed 
of  sieve  tubes,  companion  cells,  and  parenchyma 
(Fig.  15:5).  A  sieve  tube  is  formed  by  the  union  end 
to  end  of  a  number  of  elongated  cells,  in  a  way  similar 
to  that  in  which  a  xylem  vessel  is  formed,  excepting 
that  the  side  walls  arc  not  thickened  to  the  same  extent 
and  the  end  walls  separating  the  cells  persist.  In  these 
end  walls  pores  are  develoj:)ed  through  which  the 
cytoplasm  of  the  cells  becomes  continuous.  .Mong  the 
sieve  tubes  of  most  plants  lie  companion  cells,  the 
lengths  of  which  arc  either  (‘qual  to  or  shorter  than 
the  portion  of  a  sieve  tube  which  arises  from  one  cell. 

The  protojdasts  of  tlu'  companion  cells  p('rsist  and  re¬ 
tain  their  nuclei.  The  nuclei  of  the  c('lls  whic  h  form 
the  sieve  tuljes  disap|)ear.  The  j)rotojdasm  forms  a 
strand  extending  through  the  sic've  tube*  and  fanning 
out  at  the  ends.  'Through  the  pores  pass  line  strands 
of  protoplasm  connex  ting  the  proto|)I.ism  in  adjoining 
tubes. 

In  the  xylem  vessels  and  tracheids,  water,  dissolved 
salts,  and  oilier  matcTials  are  ('onclucted  from  tin*  tips 
of  the  roots  (o  the  Ic'avc's.  'The  sic've  tubes  and  the' 
companion  cells  conduct  organic'  food  matc'rials  manu- 

r  I*  I  I  I  I  ii  till  *  1718^.151.^  .'V  sieve' 

laclurc'cl  in  the'  leaves  and  ollic'r  ('hlorophvll-l >c'aring  ;•  ,  .  .. 

‘  \  tul)('.  .\,.i  Uinmtudi- 

parls  of  the  plant.  'Tracln'ids,  \’essels,  and  sit'\c'  tube's  ti.il  sertioii  (if  a  sr^- 

are  all  tyjx'S  of  conducting  or  vascular  tissue.  ninit  (p.irt  ibnnal 

-  -  -  - - IVoin  one  cell)  of  .i 

Rif'vr  liihr  .iiul  it.H  coiiip.inioii  ( f'll  li  .ipp^.irs  \\  iili  ils  niK'If’ir;  on  the  h'fl,  iroin  th<' 
Ji«'( oiul.iry  plilooiM  of  a  root  of  tlu'  .M<|uash;  I»,  a  \  u'w  .m  ('lul  'vall  of  a  tube.  I'roin 
Siiiiili,  (  iverton,  rl  <il.,  'Itwlltnok  <»/  ( initial  lintaur,  Ihc  M  uinill.in  (’(un|>anv. 
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6.  THE  MATURE  ROOT  —  SECONDARY  TISSUES 

The  tissues  described  in  the  previous  section,  including  the  primary 
xylem  and  the  primary  phloem,  are  all  developed  by  the  difTerentiation 
of  cells  arising  directly  by  cell  division  from  the  embryonic  region.  For 
this  reason  they  were  called  primary  tissues.  In  the  mature  region  of 


Fig.  15:6  Cross  section  of  the  stele  of  a  dicotyledonous  root  at  a  level  at  which  the 
cambium  has  become  a  continuous  sheath  and  considerable  amounts  of  secondary  tissues 
have  been  produced.  Somewhat  diagrammatic.  From  Smith,  Gilbert  et  al.y  A  Textbook 
of  General  Botany^  The  Macmillan  Company. 

the  roots  and  stems  of  dicotyledons  certain  cells  remain  undifferentiated 
and  retain  their  embryonic  character,  forming  a  tissue  which  is  called 
meristem.  In  the  root  (and  also  in  the  stem)  the  chief  meristem,  known 
as  the  cambium,  lies  between  the  xylem  and  phloem,  bounded  by  the 
phloem  on  the  outside  and  xylem  on  the  inside.  It  is  composed  of  small 
cubical  cells  which  during  the  growing  season  divide  frequently.  Growth 
in  thickness  of  the  root  above  the  root  tip  is  due  to  tissues  which  arise 
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from  the  cambium.  In  a  cross  section  made  somewhat  back  of  the  mature 
region  of  the  root  tip  (Fig.  15:6),  the  cambium  forms  a  continuous  ring 
between  the  xylem  and  the  phloem.  The  tissues  formed  by  the  cambium 
are  called  secondary  tissues.  On  the  outer  side  of  the  cambium  second¬ 
ary  phloem  is  formed;  on  the  inner  side  secondary  xylem.  As  the  root 
grows  older  the  secondary  xylem  and  secondary  phloem,  which  come 
to  occupy  the  greater  portion  of  the  stele,  form  two  concentric  masses 
separated  by  the  cambium.  As  the  root  grows  thicker,  at  certain  places 
in  the  cambium,  cells  arise  which  become  neither  xylem  vessels  nor 
phloem  tubes,  but  instead  form  parenchymatous  strands  extending 
radially  between  the  cells  of  the  xylem  toward  the  center  and  between 
the  cells  of  the  phloem  toward  the  periphery  of  the  stele.  These  are  the 
vascular  rays. 

The  older  roots  of  many  plants  are  covered  with  cork.  Certain  cells, 
especially  those  of  the  pericyclc,  retain  their  power  of  cell  division  and 
differentiation  and  form  a  secondary  meristem  called  the  cork  cam¬ 
bium.  The  cork  cambium  gives  rise  on  its  outer  surface  to  the  cork,  and 
on  its  inner  surface  to  parenchyma.  1  he  walls  of  the  cork  cells  become 
impregnated  with  a  fatlike  substance  called  suberin  which  makes 
them  impervious  to  water  and  food  materials.  The  cells  of  the  cortex 
including  the  endodermis,  receiving  no  nourishment  from  the  stele  on 
account  of  the  impervious  nature  of  the  cork  laid  down  by  cells  from 
the  cork  cambium,  die  and  eventually  slough  off,  leaving  the  cork, 
the  outer  cells  of  which  are  also  dead,  as  the  protective  layer  of  the  root. 
The  cork  produced  as  de.scribed  usually  does  not  last  more  than  a  lew 
years.  In  the  roots  of  woody  plants,  additional  cork  is  produced  from 
the  phloem. 

2.  THE  STEM 

Wc  have  alr('ady  seen  how  lh('  growth  and  dilferc'iuiation  of  the  tissues 
of  the  root  Ix'gin  at  the  tij)  of  tlu*  j^rimary  root  aiul  at  the  tips  of  its 
branches.  Similarly  the  growth  and  diflerentiation  ot  the  tissues  ol  the 
st(‘ni  begin  in  tlu*  buds  at  the  ends  of  the  stem  and  its  branches.  ;\  bud 
contains  an  eml)ryonie  region  similar  to  that  in  the  root  tip,  and  the 
region  corresponding  to  the  region  of  elongation  in  the  root  develojxs 
aft(‘r  th('  bud  opens.  (lell  dilfeia'iitiation  and  growth  proceed  Irom  the 
tip  of  the  stem  in  th(‘  bud,  and  th('  youngest  part  of  a  stein  or  branch  is 
the  part  nearest  to  the  terminal  bud,  just  as  the  youngest  part  of  a  ixxit 
is  the  part  nearest  lh('  n^ot  tip. 
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A.  THE  DICOTYLEDON  STEM 


We  begin  our  consideration  of  the  stem  by  studying  a  cross  section  of 
an  alfalfa  stem  (Fig.  15:7)  or  a  sunflower  stem  which  is  quite  similar. 
Like  the  young  root  this  stem  is  covered  by  a  protective  layer  of  cells, 
the  epidermis.  The  outer  portion  or  cortex,  which  corresponds  to  the 


Fig.  15:7  Portion  of  a  cross  section  of  an  alfalfa  stem.  From  Smith,  Gilbert  et  al., 
Textbook  of  General  Botany^  The  Macmillan  Company. 
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Mechanical  tissue 


Phloem 


cortex  of  the  root,  consists  of  parenchyma  cells  and  mechanical  tissue. 
This  latter  is  formed  of  elongated,  thick-walled  cells  which  help  to 
stiffen  the  stem.  The  tissues  of  the  stele  of  the  stem  present  a  rather 
different  picture  from  the  corresponding  tissues  of  the  root.  The  cells 
of  the  conducting  tissues  are  grouped  in  a  series  of  vascular  bundles 
which  are  arranged  in  the  section  in  a  ring,  leaving  a  large  amount  of 
pith  in  the  central  portion.  Be¬ 
tween  the  vascular  bundles  the 
parenchyma  of  the  pith  and  cor¬ 
tex  is  continuous  in  the  young 
stem  and  forms  pith  rays  (also 
called  medullary  rays).  In  the 
vascular  bundles  the  cambium 
lies  between  the  phloem  and  the 
xylem,  the  phloem  being  external 
and  the  xylem  internal  to  it  as  is 
the  case  in  the  root.  A  longi¬ 
tudinal  section  through  a  vascular 
bundle  in  the  same  region  of 
the  sunflower  stem  as  the  cross 
section  shows  the  same  tissues 
(Fig.  15:8). 

The  structure  of  a  tree  trunk 
can  best  be  understood  from  a 
study  of  the  method  of  growth 


Vascular 

bundle 


Corfex 
Epidermis 

Fijc;.  15:8  Portion  of  a  longitudinal  section 
(Fig.  15:9).  At  the  growing  tip  in  of  a  sunflower  stem.  I'rom  .Smith,  Overton, 


like  "F'’\V6ooA  oJ  Cinrral  Botany,  T  he  Mac- 

mill. m  C!om[)any. 


the  bud  the  cells  arc  all  a 
(I’ig.  15:9  A).  'They  constitute  an 
undifftTcntiated  tissue  ('ailed  the  promcristem.  .\fter  the  bud  has  opened 
and  the  yotmg  stem  elongated  tlu'  t'clls  o(  the  j)r()m('ristem  dillerentiate 
into  protoderm,  ground  mcrislcm,  and  procamljium  (fig.  15:9  B).  A 
litth*  later  the.se  form  j)rimary  tissties  (lug.  15:9  CO-  At  this  st.ige  the  vas¬ 
cular  bundles  are  separate.  .Next  interfascicular  cambium  is  formed 
between  the  bundles,  so  tluit  the  ('aml)ituu  takt's  the  lorm  ol  a  complett' 
hollow  (ylinder  (I'ig.  15:9  D).  L^p  to  this  time'  growth  has  been  chi('ll\ 
in  length  and  only  primary  tissiK'S  have  ber'ii  dc'velopc'd.  Now  growth 
in  length  sto|)s  and  tlu'  sec'ond.uy  tissues  de\('lop.  .Secondary  xylem  is 
added  outside  the  primai'y  xylem  and  s('('ondary  |)hloc‘m  inside  tlu* 
primary  |)hloem,  and  the  bundh's  extc'ud  later.ally  so  as  to  lorm,  in  .i 
transverse  ser't ion,  ('onl inuous  rings  (1  ig.  15:9  1.).  In  the  cortex  the  cork 
('aml)ium  (phellogen)  app('ai‘s  and  (ork  is  lormed. 
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As  growth  continues  through  the  years  successive  annual  rings  of 
xylem  and  phloem  are  formed  (Fig.  15:9  F).  'Fhe  annual  increase  in  the 
thickness  of  the  xylem  can  usually  be  recognized  by  the  fact  that  during 
the  spring  the  xylem  vessels  formed  are  larger  and  have  thinner  walls 
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cells  all  alike 

Protoderm''  // 
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Fig.  15:9  Cross  sections  of  the  stem  of  an  elder  {Sambucus  nigra).  A,  stem  in  a  young  bud ; 
B,  stem  in  an  older  bud;  C,  young  stem;  D,  stem  before  secondary  growth  has  com¬ 
menced;  E,  stem  in  the  first  year  of  its  growth  showing  secondary  xylem  and  phloem; 
F,  stem  three  years  old.  From  Holman  and  Robbins,  Textbook  of  General  Botany,  by  per¬ 
mission  of  John  Wiley  &  Sons,  Inc. 
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than  those  formed  in  the  summer  and  fall.  The  older  rings  of  phloem 
become  crushed  by  being  pressed  against  the  bark  as  the  woody  cylinder 
of  xylem  increases  in  thickness.  The  formation  of  secondary  tissues 
begins  a  few  months  after  the  growth  of  the  stem  starts  and  continues 
throughout  the  life  of  the  plant  which  in  the  case  of  some  trees  may  be 
several  thousand  years. 

As  the  stem  grows  older  the  increased  thickness  of  the  xylem  and 
phloem  necessitates  the  development  of  special  cells  for  conduction  in  a 
radial  direction  so  that  the  water  and  other  substances  passing  in  the 
xylem  and  the  phloem  tubes  may  be  distributed  to  the  rest  of  the  plant. 
These  cells,  which  are  elongated  in  a  radial  direction,  i.e.,  in  the  xylem 
from  the  cambium  toward  the  center  of  the  stem  and  in  the  phloem 
from  the  cambium  toward  the  cortex,  form  the  vascular  rays,  xylem 
rays,  and  phloem  rays.  The  vascular  rays  are  similar  in  position  to  the 
pith  rays  found  in  herbaceous  stems  but  their  origin,  from  the  cambium, 
and  the  structure  of  their  cells,  elongated  radially,  are  quite  different. 
The  cells  of  the  vascular  rays  contain  living  protoplasts  which  may 
remain  alive  in  the  case  of  large  trees  for  hundreds  of  years. 

In  the  three-year-old  stem  of  the  elder  (Fig.  15:9  F),  cork  is  beginning 
to  form.  In  the  stem,  the  process  is  similar  to  that  which  occurs  in  the 
root.  Certain  cells  of  the  cortex  just  within  the  epidermis  become 
active  and  form  the  cork  cambium  or  phellogen.  7'hc  cells  of  the  cork 
cambium,  by  divisions  parallel  to  the  outer  surface,  give  rise  to  cells 
which  form  cork.  The  cell  walls  of  these  cells  become  impregnated  with 
suberin,  which  makes  them  impervious  to  water  and  their  protoplasmic 
contents  die.  When  this  occurs  the  cells  of 
the  epidermis  die  and  slough  off  leaving  the 
cork  as  the  outer  protective  layer  of  the 
stem.  New  cork  is  formed  internal  to  the 
old  cork  by  cells  of  new  cork  cambium.  As 
the  stem  grows  in  thickne.ss  and  its  circum¬ 
ference  increases  the  outer  layers  of  cork 
often  split,  giving  to  the  outer  surface  of 
the  bark  the  roughness  seen  on  many 
trees.  'Flic  cork  of  commerce  i'?  ol)tained 
from  the  bark  of  a  speci(\s  of  oak  (Quercus 
suher). 

In  the  young  st(‘m  the  gases  of  the  atmosplu're,  oxygx'ii  and  carbon 
dioxide*,  jiass  to  the  cort(*x  and  undc'ilying  tissues  through  openings  in 
the  epidermis,  ('.ilh'd  .stomata,  and  de'seribed  in  detail  in  the  section  on 
the*  leaf.  When,  howc've'r,  ('ork  with  its  impe'ivious  cell  walls  is  formed 


Fii^.  15:10  Portion  of  a  birch 
.stem.  'Phe  .small,  horizontal, 
dark  areas  are  lenticels.  I'rom 
Smith,  Overton,  rt  al.,  Ifxtbook 
of  Crnniil  Botany,  'Plic  Macmil¬ 
lan  C’ompany. 
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special  provision  for  the  exchange  of  gases  becomes  necessary.  It  takes 
the  form  of  lenticels.  These  are  conspicuous  on  the  bark  of  the  birch 
and  cherry  (Fig.  15:10).  When  a  Icnticel  is  formed  the  cork  cambium, 
instead  of  forming  cork,  forms  a  mass  of  thin-vvalled  cells  with  air  spaces 
between  them. 

The  part  of  a  tree  between  the  wood  and  the  cork,  which  includes  the 
vascular  cambium,  phloem,  cortex  parenchyma,  and  cork  cambium,  is 
the  part  that  is  most  actively  alive  and  the  part  from  which  new  tissues 


Fig.  15:11  Cross  section  of  a  corn  stem.  From  Smith,  Overton,  et  d.,  Textbook  of  Generd 
Botany,  The  Macmillan  Company. 

B.  THE  MONOCOTYLEDON  STEM 

The  stems  so  far  considered  in  this  section  are  those  of  dicotyledons. 
In  the  stems  of  monocotyledons  the  vascular  tissue  occurs  in  vascular 
bundles  scattered  throughout  a  parenchyma  in  which  it  is  not  possible 
to  distinguish  pith  and  cortex  (Fig.  15:11).  The  vascular  bundles  con¬ 
tain  only  primary  xylem  and  phloem  and  mo  cambium<^  There  is,  there¬ 
fore,  no  increase  in  the  thickness  either  of  the  vascular  bundles,  or  of  the 
stem  as  a  whole  except  as  the  individual  cells  may  increase  in  size.  Thus 
in  most  palm  trees  the  stem  is  approximately  uniform  in  thickness  from 
the  ground  to  the  growing  point  at  the  top  where  all  growth  occurs  and 
all  new  leaves  are  formed. 

3.  THE  LEAF 

It  is  in  the  leaves  (and  in  some  cases  other  chlorophyll-bearing 
structures,  such  as  the  stem)  of  green  plants  that  the  manufacture  of 
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food  substances  occurs.  This  is  why  the  leaves  of  a  plant  are  so  important 
to  it  and  why  when  its  leaves  dry  up  or  are  killed  a  plant  will  often  die. 

A.  EXTERNAL  FEATURES 

Leaves  vary  greatly  in  size  and  shape  from  the  tremendous  leaves  of 
some  palms  and  tropical  herbs  to  the  minute  scalelike  leaves  of  some 
cedars  or  from  the  long  blades  of  the  corn  plant  to  the  small  needles  of 
the  pine.  A  typical  leaf  (Fig.  15:12)  may  be  divided  into  three  parts  — 
the  blade  or  lamina  which  is  the  flat  expanded  portion,  the  stalk  or 
petiole,  and  the  base  or  region  of  attach¬ 
ment  which  is  usually  broader  and  thicker 
than  the  petiole.  Often  there  are  present 
small  leaflike  structures  on  either  side  of  the 
base  called  stipules.  The  upper  surface  of 
the  blade  is  called  the  dorsal  surface,  the 
lower,  the  ventral  surface.  The  blade  of 
the  leaf  may  be  either  simple  like  that  of 
the  sunflower  or  divided  into  leaflets  like 
that  of  the  horse  chestnut  which  is  said  to 
be  compound.  Intermediate  between  these 
are  lobed  leaves  such  as  those  of  the  oak 
or  maple.  Almost  all  of  the  common  g^^mno- 
sperms,  like  the  pine,  have  narrow  nccdlc- 
like  leaves.  The  margin  of  the  leaf  blade 
may  be  smooth  or  toothed.  Running 
through  the  blade  can  be  seen  a  network  of 
veins.  These  consist  of  vascular  bundles 
or  portions  of  the  stele  of  the  stein  con¬ 
taining  xylem  and  phloem  cells. 'rh(‘  veins  are  es|)ecially  well  seen  in  the 
leaf  skeletons  often  found  on  the  ground  in  tlie  late  autumn.  '1  he 
arrangement  of  the  veins  in  a  leaf  is  called  venation.  In  most  mono¬ 
cotyledons  the  veins  run  j^arallel  to  tlu'  axis  ol  the  leal.  Such  leaves 
arc  said  to  be  parallel  veined.  In  most  dicotyhxlons  the  venation  con¬ 
sists  of  a  main  v(‘in  or  vians  whii'h  br.meh  rej)eatedly,  the  many  ultimate 
fine  branches  Ix'ing  connected  to  foi  iu  a  network.  Such  leav'es  are  called 
net  veined. 

Leav(^s  may  take  on  other  fiuuMions  in  addition  to  or  in  j^lace  ol  their 
function  in  the  metaiiolism  of  the  plant.  In  tlu'  garden  pea  which  has 
com|K)und  leaves  certain  of  the  lealh'Is  hi'eouu'  tendrils,  usc'd  in  elimb- 
ing.  (lertain  |)lants,  whii  h  usu.illy  grow  under  conditions  in  which  th<'v 


m^ri/s  of  Plant  Scitner,  by  per¬ 
mission  of  McGraw-Hill  Book 
Company,  Inc. 
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are  unable  to  get  nitrogen  from  the  soil,  have,  like  the  pitcher  plants,  or 
the  Venus’s  flytrap  [Dionaea)  (Fig.  2:13),  leaves  modified  for  catching 
and  digesting  insects  from  which  they  obtain  nitrogen. 

B.  INTERNAL  STRUCTURE 

The  internal  structure  of  the  leaf  is  best  seen  in  a  thin  cross  section, 
passing  from  the  dorsal  to  the  ventral  surface  (Fig.  15:13).  Covering 
the  dorsal  surface  of  the  leaf  arc  the  cells  of  the  upper  epidermis, 
covering  the  ventral  surface  the  cells  of  the  lower  epidermis.  The 


Fig.  15: 13  Portion  of  the  blade  of  a  sunflower  leaf.  From  Smith,  Gilbert,  et  al.,  A  Text¬ 
book  of  General  Botany^  The  Macmillan  Company. 

exposed  cell  walls  of  the  epidermal  cells  contain  a  substance  called  cutin 
which  makes  them  less  permeable  to  water  and  prevents  the  drying  up 
or  wilting  of  the  leaf.  The  epidermal  cells  are  without  chloroplasts,  ex¬ 
cept  in  the  guard  cells  to  be  described.  In  the  lower  epidermis  and  less 
frequently  in  the  upper  epidermis  are  slitlike  openings  or  stomata  (singu¬ 
lar,  stoma)  which  lead  into  intercellular  air  spaces  within  the  leaf. 
Each  stoma  is  surrounded  by  two  guard  cells,  one  on  either  side.  These 
guard  cells,  which  are  sausage-shaped  and  lie  side  by  side  with  their 
ends  in  contact,  are  so  arranged  that  when  the  air  about  the  leaf  is 
humid  and  the  cells  swollen  the  stomata  are  open,  while  when  the  air  is 
dry  and  the  cells  shrunken,  the  stomata  are  closed. 

The  greater  part  of  the  interior  of  the  leaf  is  occupied  by  the  mes- 
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ophyll,  a  tissue  composed  of  cells  containing  chlorophyll  and  loosely 
adherent  to  each  other.  Immediately  under  the  upper  epidermis  the 
mesophyll  takes  the  form  of  palisade  tissue,  the  cells  of  which  are 
elongated  and  arranged  side  by  side  perpendicular  to  the  surface  of 
the  leaf.  These  cells  contain  abundant  chloroplasts.  The  rest  of  the 
mesophyll  is  composed  of  spongy  tissue,  in  which  the  cells  are  irregular 
in  shape  and  surround  the  intercellular  air  spaces  which  communicate 
with  the  exterior  through  the  stomata.  The  air  within  the  intercellular 
air  spaces  is  saturated  with  water  vapor.  A  thin  film  of  water  adheres  to 
the  walls  of  the  mesophyll  cells  bounding  the  spaces.  Extending  through 
the  spongy  tissue  of  the  mesophyll  are  the  veins.  Each  of  these  consists  of 
a  vascular  bundle  composed  on  the  upper  side  of  xy^lem  and  on  the 
lower  side  of  phloem.  Although  the  larger  veins  contain  tracheids,  sieve 
tubes,  and  companion  cells,  the  finest  branches  of  the  veins  contain  only 
tracheids,  and  at  their  extreme  ends  may  be  represented  by  a  single 
tracheid.  Many  of  the  cells  of  the  palisade  and  spong\’  tissues  are  a  con¬ 
siderable  distance  from  a  sieve  tube.  The  sugar  formed  in  these  cells  is 
transferred  to  the  sieve  tubes  by  the  border  cells.  These  latter  cells  are 
elongated  parenchyma  cells,  without  chlorophyll,  lying  lengthwise 
along  the  course  of  the  smaller  v^eins  and  in  contact  with  the  sieve 
tubes. 

Leaves  begin  their  development  in  buds.  There  is  no  secondary 
growth  in  leaves  as  occurs  in  roots  and  stems.  The  whole  of  the  leaf  is 
formed  from  the  embryonic  region  of  the  bud  and  gradually  grows 
equally  throughout  its  whole  extent  until  it  reaches  its  full  size. 

4.  THE  STRUCTURE  OF  THE  PLANT  AS  A  WHOLE 

In  considering  the  cellular  structure  of  the  root,  stem,  and  leaf,  we 
must  not  lose  sight  of  the  structure  of  the  plant  as  a  whole.  T'his  is  shown 
diagramrnatically  in  the  figure  (lug.  15:14).  T  he  root  of  the  plant  grows 
in  length  in  the  region  of  elongation  at  the  tip  of  the  main  root  and  the 
tips  of  its  branches.  The  stem  grows  in  length  when  the  buds  open  at 
the  tij)  of  its  main  axis  and  at  the  tips  of  its  branrh(‘S.  drowth  in  thickness 
is  due  to  th(!  cambium  which  exti'iids  as  a  hollow  cylinder  through  the 
root  and  st(“m  and  their  branches.  This  growth  in  h'ngth  and  thickness 
occurs  throughout  the  life  of  th('  plant,  but  is  more  active  during  spring 
and  summer. 

T'he  conducting  tissue  extends  throughout  the  plant  in  the  form  of 
two  hollow  cylinders,  th<'  xylem  on  the  inside  of  the  cylinder  of  cambium 
and  the  phloem  on  the  outside. 
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In  a  woody  plant  the  living  cells  are  mostly  confined  to  the  root  tips 
buds,  cambium,  phloem,  and  leaves. 


Cotyledonary  bud 
/ 

/ 


Fig.  15:14  The  principal  organs  and  tissues  of  a  typical  herbaceous  plant.  From  Hoi 
man  and  Robbins,  Textbook  of  General  Botany,  by  permission  of  John  Wiley  &  Sons,  Inc.  i 
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CHAPTER  16 


Plant  Physiology 


The  preceding  chapter  dealt  with  the  structure  of  the  root,  stem,  and 
leaf,  or  collectively  the  vegetative  organs  of  a  higher  plant.  The  present 
chapter  will  be  devoted  to  a  consideration  of  the  functions  carried  out  by 
these  organs  of  the  plant,  or  to  plant  physiology.  I'hc  vegetative  organs 
are  concerned  with  the  absorption  of  raw  materials,  the  manufacture, 
distribution,  assimilation,  and  storage  of  food  materials,  ased  to  build 
up  the  tissues  of  the  plant,  and  the  energy*  changes  which  these  processes 
involve. 

The  raw  materials  used  by  plants  arc  in  their  immediate  surroundings, 
in  the  water  of  the  soil,  usually  referred  to  as  the  soil  solution,  and  the 
gases  of  the  atmosphere.  These  raw  materials  include  water,  inorganic 
salts,  and  the  gases  oxygen  and  carbon  dioxide.  The  water  and  in¬ 
organic  salts  are  obtained  from  the  soil  solution  by  the  root  hairs  and  the 
epidermis  of  the  root  tip;  the  carbon  dioxide  from  the  atmosphere, 
mainly  by  the  leaves. 

Most  plants,  including  all  of  the  higher  plants,  require  oxygen  for 
respiration.  This  they  obtain  from  the  air,  either  that  in  the  atmosphere 
above  ground  or  that  in  the  air  spaces  in  the  soil.  In  young  stems  and 
leaves  oxygen  enters  the  air  spaces  through  the  stomata,  in  older  stems 
through  lenticels  (Fig.  15:10),  and  in  the  root  tip  through  the  epidermis 
and  the  root  hairs. 

1.  ABSORPTION  OF  WATER 

In  the  ground  the  root  hairs  are  intimately  in  contact  with  the  small 
particles  of  which  the  soil  is  composed  (Fig.  16:1).  Even  in  relatively  dry 
soil  there  is  always  a  film  of  water  over  the  individual  grains  of  earth. 
It  is  from  this  film  that  the  root  hairs  absorb  moisture.  Water  passes 
easily  through  the  cell  walls  and  plasma  membranes  of  the  root  hairs 
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and  the  epidermis  of  the  root  tip.  The  surface  of  the  rest  of  the  root  is 
impervious  to  water,  being  covered  by  cells  impregnated  with  suberin. 
Water  on  the  leaves  or  stem  of  a  land  plant  is  not  absorbed.  'An  impor¬ 
tant  factor  in  the  absorption  of  water  is  the  osmpticjpressure  within  the 
cells.’  If  this  is  greater  than  the  osmotic  pressure  of  the  soil  water,  water 
is  absorbed ;  if  it  is  less,  water  may  be  lost  by  the  root!  On  account  of  the 


Fig.  16:1  Diagram  showing  relation  of  root  hairs  to  soil.  The  concentric  lines  about 
the  .soil  particles  show  the  distribution  of  water  in  the  soil;  the  white  areas  represent  spaces 
filled  with  air.  From  Smith,  Overton,  et  al.,  Textbook  oj  General  Botany^  The  Macmillan 
Company. 

readiness  with  which  water  pa.sscs  through  the  cell  walls  and  plasma 
membranes  of  root-hair  cells,  plants  die  cjuickly  when  their  root  tips  arc 
cx[)Oscd  to  drying  or  to  a  solution  of  higher  osmotic  pressure  than  that 
of  their  protoj)lasm.  An  application  of  tlie  latter  princij:)le  is  seen  in  the 
placing  of  common  salt  around  the  roots  of  we('ds  to  kill  them. 


2.  ABSORPTION  OF  INORGANIC  SALTS 

Kxj)eriments  h.'ive  shown  that  .»  |)lant  will  grow  as  w('ll  with  its  roots 
in  water  as  in  soil  if  the  water  cont.iins  eert.iin  inorganic  salts.  (Tl  course 
such  a  j)lant  must  be  artificially  supported  as  tlu*  root  cannot  carry  out 
in  water  its  fuiu'tion  of  anchoi'age  and  suj)port.  Wdth  its  root  in  a  solu¬ 
tion  containing  the  salts  in  dal  )1<‘  16:1  a  j)l.mt  will  thri\’e  as  well  as  in  the 
most  fertile  soil  and  prodiu'c  an  ex('cll('nl  yield.  1  he  same  result  h.is  been 
obtained  with  ('crlain  odier  rcl.ili\’ely  simph*  solutions.  It  does  not  follow, 
however,  th.at  ('onditions  ai‘e  (‘(ju.illy  simj)le  in  nature.  Soil  watc'r  docs 
not  always  or  evc'u  usually  ('ontain  tin*  above  salts  in  the  propoitions 
r('c|iiired  by  the  i)lanl.  More  usually  it  contains  a  vari('ty  of  salts.  s()m('  of 
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which  can  be  used  by  the  plant,  and  some  of  which  cannot,  and  the 
plant  has  to  make  the  best  of  the  situation.  What  the  plant  really  requires 
is  certain  of  the  chemical  elements  contained  in  the  above  salts,  namely 
potassium,  K,  phosphorus,  P,  calcium,  Ca,  nitrogen,  \,  magnesium.  Mg, 


TABLE  16:1.  A  SOLUTION  OF  I.NORGANIC  S.\LTS 
IN  WHICH  A  PLANT  WILL  GROW 


SALT 


CRAMS  PER  LITER 


Calcium  nitrate  Ca(NO|)i  .80 

Potassium  nitrate  KNO3  .20 

Potassium  phosphate  KHjPO«  .20 

Magnesium  sulphate  MgS04  .20 

Iron  phosphate  FeP04  .\  relatively 


small  quantity 


sulphur,  S,  and  iron,  Fe,  combined  in  such  a  form  that  it  can  use  them. 
It  will  be  noticed  that  when  the  elements  in  water,  hydrogen  and  oxygen, 
are  added  to  this  list  it  contains  all  of  the  elements,  with  the  important 
exception  of  carbon,  which  were  stated  in  Chap.  5  to  be  essential  to 
plants. 

The  inorganic  salts  do  not  simply  pass  with  water  through  the  plasma 
membrane  into  the  cell.  They  may  and  usually  do  diffuse  into  the  cell 
in  different  proportions  from  those  in  which  they  occur  in  the  water 
of  the  soil. 


Fig.  16:2  Diagram  showing  the  paths  of  movement  of  water  through  and  out  of  a  leaf. 
The  movement  of  water  in  liquid  form  is  indicated  by  black  arrows;  that  of  water  in  the 
form  of  vapor,  by  light  arrows.  From  Smith,  Overton,  et  aL,  Textbook  0]  General  Botany, 
The  Macmillan  Company. 
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3.  TRANSPIRATION  OR  THE  GIVING  OFF  OF  WATER 

Only  a  small  portion  of  the  water  absorbed  by  the  roots  is  retained  in 
the  plant;  the  greater  part  evaporates  into  the  atmosphere,  chiefly  from 
the  leaves.  This  process  by  which  water  is  lost  is  called  transpiration. 

The  leaf  is  especially  adapted  to  facilitate  and  control  transpiration 
which  may  be  regarded  as  one  of  its  important  functions.  The  outer 
walls  of  the  epidermal  cells  of  the  leaf  contain  cutin  and  are  almost 
waterproof.  Therefore  only  a  slight  amount  of  transpiration  occurs 
through  the  epidermis.  It  is  through  the  cell  walls  of  the  mesophyll  cells, 
especially  those  of  the  spongy  tissue,  that  transpiration  occurs.  The  water 
is  evaporated  into  the  intercellular  air  spaces  and  diffuses  out  into  the 
atmosphere  through  the  stomata  (Fig.  16:2).  In  dry  weather  this  diffu¬ 
sion  is  more  rapid  than  in  humid  weather 
but  is  controlled  by  the  guard  cells. 

Excessive  transpiration  and  consequent 
wilting  of  the  leaves  in  dry  weather  is 
prevented  by  the  partial  or  complete 
closure  of  the  stomata.  “Under  ordinary 
growing  conditions,  a  .square  foot  of  the 
leaf  surface  of  a  sunflower  transpires 
about  four  ounces  of  wat(T  in  th<*  course 
of  twenty-four  hours.”  'Transpiration  is 
the  result  of  the  permeability  cT  the  walls 
of  the  mc.sophyll  cells  to  water  \'apor. 

4.  CONDUCTION  OF  LIQUIDS 
THROUGH  THE  PLANT 

The  continual  absorption  of  water  by 
(he  roots  and  transj)iration  of  water  from 
the  leav(‘S  produces  a  current  of  water 
tlirough  the  j)lant.  I  his  ('urrent  of  water 
is  carried  in  the  conducting  tissue,  chiefly 
the  xylem. 

Ec't  us  trace  (he  course  of  the  water  as 
it  pa.s.sf's  from  a  root  h.iir  to  a  me.so|)hyll 
cell.  I’rom  (he  root-hair  C('ll  the  water 
pas.ses  out  through  th('  plasma  ukmu- 
brane  and  c('ll  wall  to  a  cell  of  the  cortex,  in  doing  which  it  must 
pass  throuj'h  the  cell  wall  and  |)lasma  mcml)ranc  of  (he  cortex  cell.  W’liy 


tlir()U|i;li  .1  r(M)t  li.iir  .nut  through 
the  crll.s  of  thr  root  lo  .» 

.wlcm  str.nul.  I'roin  Smith,  ( )v(M  tnn. 
rt  (il.,  I  rxthook  of  (trnrtnl  liotaov,  1  he 
M.u  inill.m  ( ^omp.my. 
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does  water  pass  from  the  root-hair  cell  to  the  cortex  cell?  It  is  believed 
that  the  osmotic  pressure  in  the  cortex  cell  is  greater  than  the  osmotic 

pressure  in  the  root-hair  cell.  The  water  passes 
through  successive  cortex  cells  to  the  cells  of 
the  endodermis.  From  the  endodermis  cells  it 
passes  to  the  pericycle  cells.  From  the  pericycle 
cells  it  passes  to  the  primary  xylem,  in  which 
it  begins  its  journey  upward  (Fig.  16:3).  From 
the  primary  xylem  it  pa.sses  to  the  secondary 
xylem  in  which  it  passes  up  through  the  root 
and  stem  to  a  leaf.  The  water  passes  through  the 
petiole  and  blade  in  the  primary  xylem  of  the 
leaf.  From  the  tracheid  of  a  small  vein  it  passes 
to  the  mesophyll  cells  of  the  leaf  (Fig.  16:2). 

I'his  upward  current  of  water  through  the 
plant,  called  the  transpiration  stream,  serves 
to  conduct  di.ssolved  salts  and  food  materials. 
Usually  in  the  spring  the  .sap  is  rich  in  sugar. 
During  the  winter  carbohydrate  foods  are 
stored  in  the  roots  and  stem  as  starch.  In  the 
spring  this  is  converted  to  sugar  and  diffuses 
into  the  xylem  vessels. 

W  hat  has  been  said  regarding  the  passage 
of  water  through  the  plant  in  the  xylem  applies 
to  the  tallest  trees.  In  the  case  of  the  giant 
Sequoia  of  the  West,  water  may  be  moved 
upward  a  distance  of  over  300  feet.  What  is 
the  mechanism  which  moves  the  water? 

The  problem  of  how  a  current  of  water  is 
maintained  from  the  tips  of  the  roots  to  leaves 
at  the  ends  of  the  highest  branches  of  the 
tallest  trees  is  an  interesting  one.  The  differ¬ 
ence  in  level  between  the  root  tips  and  the 
leaves  may  in  extreme  cases  reach  400  feet. 
Four  factors  have  been  suggested  as  contribut¬ 
ing  toward  the  maintenance  of  the  transpira¬ 
tion  stream.  They  may  be  stated  as  root  pres¬ 
sure,  transpiration,  capillary  attraction,  and 
the  cohesion  of  liquid  water. 


Fig.  16:4  Experiment  dem¬ 
onstrating  root  pressure.  The 
stem  of  a  potted  cutting  of  a 
geranium  was  cut,  and  its 
upper  part  was  replaced  by  a 
bent  closed  tube  containing 
mercury.  Water  exudes  from 
the  cut  end  of  the  stem,  forc¬ 
ing  the  mercury  upward  in 
the  tube.  The  top  of  the  tube 
containing  the  mercury  is 
closed  to  prevent  evaporation 
and  oxidation  of  the  mercury. 

It  contains  air.  The  root  pres¬ 
sure  not  only  forces  the  mer¬ 
cury  up  but  also  compresses 
the  air  in  the  tube.  From 
Smith,  Overton,  et  al.^  Textbook  of  General  Botany^  The  Macmillan  Company. 
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In  discussing  the  absorption  of  water  by  roots  we  have  already  con¬ 
sidered  the  difference  in  osmotic  pressure  between  the  contents  of  the 
root-hair  cells  and  the  soil  water.  This  gives  rise  to  a  root  pressure  which 
tends  to  force  water  upward.  Root  pressure  can  be  shown  by  a  simple 
experiment  in  which  the  stem  is  cut  from  a  growing  plant  and  replaced 
by  a  glass  tube  sealed  on  to  the  root.  Water  will  then  rise  in  the  tube  to 
a  considerable  height  (Fig.  16:4). 

That  transpiration  can  exert  an  upward  pull  on  the  water  in  the  xylem 
can  be  shown  by  a  similar  experiment.  The  stem  of  a  plant  which  is 
actively  transpiring  is  cut  from  its  root  and  hermetically  sealed  into  one 
end  of  a  glass  tube  which  is  completely  filled  with  water  and  placed 
with  its  other  end  in  a  glass  containing  mercury.  Due  to  transpiration, 
water  is  drawn  up  by  the  plant  through  the  glass  tube  and  mercury' 
enters  to  take  its  place. 

Water  tends  to  rise  in  any  fine  tube  which  is  composed  of  a  substance 
which  it  wets.  This  phenomenon  is  called  capillary  attraction  and  is 
explained  as  due  to  the  attraction  of  the  water  molecules  for  those  of  the 
tube.  The  water  in  the  conducting  tissues  of  plants  wets  their  walls. 

The  fourth  factor,  viz.,  the  cohesion  of  water,  is  one  with  which  most 
of  us  are  not  familiar.  We  ordinarily  think  of  a  thin  column  of  water  as 
being  easily  broken  down  and  unable  to  resist  forces  tending  to  pull  it 
apart.  It  has  been  demonstrated  experimentally  that  water  may  show 
great  cohesive  strength  and  resist  the  pull  of  forces  almost  as  great  as  or 
greater  than  those  which  would  Ik?  resisted  by  a  steel  wire  ol  the  same 
dimensions.  Thus  if  sudicient  force  is  exerted  by  the  transpiration  from 
the  leaves  the  water  may  i)e  pulled  up  from  tlic  roots. 

It  will  be  remembered  that  while  the  xylem  vessels  are  devoid  ol  liv¬ 
ing  material,  the  sieve  tubes  of  the  j)hlocm  contain  cytoplasm  and  their 
companion  cells  protoplasts.  The  phloem  is  active  in  the  transportation 
of  food  materials  from  tlu'ir  place  of  manufacture  to  their  place  ol  use  or 
storage.  4'his  may  l)e,  and  often  is,  downward  through  tlu'  stem  and  its 
Ijranches.  The  medullary  rays  condiu  t  water  and  looil  matta  ials  radially 
in  the  stem.  4  h<'  transport  of  food  materials  is  called  translocation. 


5.  THE  MANUFACTURE  OF  FOOD  MATERIALS 

Chlorophyll  is  not  a  single  sul)slan('<‘  l>»it,  ai)p.irently,  is  composc'd  ol 
two  similar,  rather  ('omplex,  proteins  i<'l<*rre(l  to  as  chlorophvll-^/  and 
ehloroj)hyll-A.  ( lhIoroj)hyll-^/  is  ifivam  lh('  lormul.i  (  .^hI  l;'.’Of,N  jMg, 
(  hlorophyll-/)  the  lormula  (  ^,f,l  1  h,N\Nlg-  I  h('r('  is  .i  rc'inark.ibh'  p.u'- 
.ilh'l  between  the  ('hlorophvll  ol  tlw*  t'r<’<'n  leal  and  hemoglobin,  the  r('d 


PLANT  PHYSIOLOGY  Ch.  16 


344 

pigment  which  carries  oxygen  in  the  blood.  I'he  hemoglobin  molecule 
is  formed  by  the  union  of  a  molecule  of  globin,  a  highly  complex  protein, 
with  one  or  more  molecules  of  hematin,  another  protein.  The  formula  of 
hematin  is  C34H3405N4Fe  and  resembles  that  of  chlorophyll  when  iron, 
Fe,  is  substituted  for  the  magnesium.  Mg.  Further,  while  chlorophyll  acts 
to  reduce  carbon  dioxide,  i.e.,  to  take  oxygen  away  from  it,  one  form  of 
hemoglobin  readily  takes  up  oxygen.  Since  chlorophyll  acts  to  bring  alx)ut 
at  least  certain  of  the  steps  of  photosynthesis,  and  is  not  itself  used  up  in 
the  process,  it  may  be  regarded  as  an  organic  catalyst  that  is  an  enzyme. 

Photosynthesis  is  often  represented  by  a  simple  equation: 

6  CO2  +  6  1 120  -f  Fnerg\’  =  06111206  -f  6  O2 

Carbon  dioxide  Water  (Lin’ht)  Glucose  Ox>‘gen 

However,  this  represents  only  the  beginning  and  the  end  of  the  process, 
which  is  undoubtedly  quite  complicated.  Probably  several  other  enzymes 
are  involved  in  addition  to  chlorophyll.  It  is  thought  that  one  of  the 
intermediate  products  may  be  formaldehyde,  01120.  However,  this  sub¬ 
stance  is  poisonous  and  must  be  immediately  got  rid  of  by  the  union  of 
its  molecules  in  groups  of  six  to  form  glucose. 

The  raw  materials  required  for  photosynthesis  are  water  and  carbon 
dioxide.  Water  is  obtained  by  the  roots  from  the  soil  solution  and  passes 
to  the  cells  of  the  leaf  through  the  xylem.  1  he  amount  of  carbon  dioxide 
in  the  atmosphere  does  not  vary  greatly  and  is  normally  approximately 
0.03  per  cent;  relatively,  a  small  proportion  of  the  atmosphere,  but 
absolutely,  a  large  amount.  The  carbon  dioxide  diffuses  through  the 
stomata  into  the  intercellular  air  spaces.  Being  soluble  in  water  it  passes 
into  the  film  of  water  which  covers  the  cells,  lining  the  air  spaces,  and 
diffuses  through  the  cell  walls  and  plasma  membranes  into  the  cells. 
In  pursuing  this  path,  the  carbon  dioxide  passes  from  regions  of  higher 
to  regions  of  lower  concentration. 

The  energy  required  in  photosynthesis  is  received  in  the  form  of  light. 
The  leaves  of  a  plant  usually  arrange  themselves  so  as  to  shade  each 
other  as  little  as  possible.  Ordinary  white  light,  such  as  that  which  comes 
from  the  sun,  is  a  mixture  of  light  of  various  colors.  This  can  be  seen  if 
the  light  is  caused  to  pass  through  a  prism  of  glass  or  other  transparent 
material  when  a  spectrum  extending  from  violet  through  blue,  green, 
and  yellow  to  red  is  obtained.  Objects  owe  their  color  to  the  light  which 
they  reflect.  Leaves  are  green  because  they  reflect  green  light  and  also 
a  certain  amount  of  yellow  and  blue  light  which,  when  mixed,  give 
green.  The  red,  orange,  some  of  the  yellow,  and  most  of  the  blue  light  go 
into  the  leaf  and  are  absorbed  by  it. 
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Not  all  of  the  light  which  is  absorbed  by  the  leaf  is  absorbed  by  the 
chloroplasts  and  not  all  of  that  which  is  absorbed  by  the  chloroplasts  is 
utilized  in  photosynthesis.  This  is  well  shown  by  an  experiment  in  which 
variegated  leaves,  i.e.,  leaves  with  white,  chlorophyll-free  patches,  were 
used.  Measurements  obtained  in  such  an  experiment  are  shown  in 
Table  16:2. 

TABLE  16:2.  EFFICIENCY  OF  THE  PHOTOSYNTHETIC  PROCESS 

PER  CENT 


Amount  of  energy  falling  on  upper  surface  of  leaf  per  unit  of  surface  100.0 

Energy  absorbed  by  green  part  of  leaf  per  unit  of  surface  80.0 

Energy  absorbed  by  chlorophyll-free  part  of  leaf  per  unit  of  surface  70.0 

Therefore,  energy  absorbed  by  chloroplasts  of  green  part  of  leaf  per  unit  of  surface  10.0 
Amount  of  energy  actually  used  in  photosynthesis  as  determined  from  the  amount 

of  starch  produced  3.5 


Thus  only  about  3.5  per  cent  of  the  light-energy*  falling  on  the  leaf  is 
used  in  photosynthesis.  Of  the  rest  of  the  energy'  absorbed,  part  goes  in 
transpiration  and  part  in  heating  the  leaf  above  its  surroundings.  The 
above  value  for  the  efficiency  of  the  leaf  in  utilizing  the  sun’s  energy*  is 
considered  to  be  rather  high.  Normally  the  efficiency  is  probably  as  low 
as  1  per  cent.  Inefficient  as  the  green  plant  may  be  in  utilizing  the  energy 
of  the  sun  for  the  manufacture  of  carbohydrate  food  materials,  man  has 
so  far  been  unable  to  devise  any  method  which  can  compete  with  it. 

The  light  energy  is  absorbed  by  the  chloroplasts  and  in  .some  way  made 
available  to  produce  the  chemical  reactions  involved  in  photosynthesis. 
Photo.synthesis  docs  not  occur  in  the  absence  of  chlorophyll.  Chlorophyll 
can  be  extracted  with  alcohol  from  a  green  plant  leaf.  However,  it  has 
not  been  possible  to  produce  jihotosynthesis  with  this  extracted  chloro¬ 
phyll;  living  protoplasm  .seems  to  be  e.s.sential  or  at  least  certain  enzymes 
which  so  far  have  not  been  isolated  from  protoplasm.  Photosynthesis 
occurs  only  within  certain  temperatun'  limits,  llj)  to  a  certain  point  the 
rate  of  photosynthesis  increa.ses  with  the  tempc'rature. 

'Vo  sum  uj),  we  find  that  for  [)hotosynthesis  to  occur  in  a  living  cell 
the  following  are  neec.ssary: 

1.  Raw  materials  (water  and  carbon  dioxide) 

2.  fight  energy 

3.  Chloro|)hyll 

4.  A  suitable  t('mperatur(‘ 

Oxygen  is  a  l)y-|)ro{luet  of  photosynthesis  and  when  the  j^roeess  is 
actively  in  progre.ss,  oxygen  is  given  off  by  the  nu'.sophyll  cells  into  the 
intereellnlar  air  s|)a('('s  and  diUnses  out  through  llu'  stomat.i. 

Most  of  the  sugar  formed  in  active  photosyntlu'sis  is  converted  almost 
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immediately  into  starch.  In  the  absence  of  light,  as  during  the  night,  this 
starch  may  be  reconverted  into  sugar,  that  is,  digested.  In  the  soluble 
form  of  sugar,  the  carbohydrate  can  pass  into  the  vascular  tissues  and 
be  distributed  throughout  the  plant.  Sugar  is  used  by  the  plant  in  a 
variety  of  ways.  It  may  be  directly  oxidized  to  provide  energy  to  carry 
on  synthetic  processes  other  than  photosynthesis;  it  may  be  turned  into 
starch  and  stored  in  difTcrent  parts  of  the  plant  as  a  reserve  food;  its 
atoms  may  be  recombined  to  form  cellulose  for  the  cell  walls;  it  may  lose 
oxygen  and  its  atoms  may  recombine  to  form  fats;  its  atoms  may  be¬ 
come  rearranged  and  combine  with  nitrogen  and  other  atoms  to  form 
proteins;  or  lastly  it  may  be  built  into  the  cell  and  become  a  part  of  the 
living  protoplasm. 

6.  TRANSLOCATION 

While  the  water  and  mineral  salts  arc  carried  mainly  in  the  transpira¬ 
tion  stream,  it  is  generally  believed  that  translocation,  or  the  transport 
of  soluble  organic  food  substances,  occurs  chiefly  in  the  phloem.  Evidence 
for  this  has  been  obtained  from  two  sources.  When  a  tree  is  girdled,  i.c., 
when  a  ring  of  bark  including  the  phloem  is  stripped  from  a  tree, 
organic  food  materials  accumulate  above  the  girdle.  Organic  substances, 
including  sugars  and  proteins,  have  been  identified  in  the  cytoplasm  of 
the  sieve  tubes.  Presumably  translocation  also  occurs  radially  in  the 
vascular  rays. 


7.  RESPIRATION 

The  process  of  respiration  was  briefly  considered  in  Chap  2.  Respira¬ 
tion  makes  available  the  potential  chemical  energy  stored  in  the.  food 
materials  elaborated  by  the  plant.  In  many  respects  it  is  the  reverse  of 
photosynthesis.  In  Table  16:3  photosynthesis  and  respiration  are  com¬ 
pared. 


TABLE  16:3.  COMPARISON  OF  PHOTOSYNTHESIS  AND  RESPIRATION 


PHOTOSYNTHESIS 

Carbon  dioxide  absorbed 
Oxygen  given  off 
Carbohydrates  formed 
Energy  stored  up 


RESPIRATION 

Oxygen  absorbed 
Carbon  dioxide  given  off 
Carbohydrates  used  up 
Energy  set  free 


While  respiration  takes  place  in  all  living  cells  at  all  times,  photosynthesis 
takes  place  only  in  cells  containing  chlorophyll  and  only  when  they  are 
exposed  to  light. 
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8.  THE  PLANT  AND  ITS  ENVIRONMENT 

The  plant  cannot  be  considered  alone;  its  life  and  activities  depend 
not  only  upon  its  own  structure  and  inherited  tendencies,  but  also  upon 
its  environment.  All  are  familiar  with 
the  fact  that  each  species  of  plant  re¬ 
quires  a  suitable  soil  and  a  suitable 
climate  and  that  differences  in  soil  and 
climate  produce  differences  in  the 
growth  and  activities  of  the  plant. 

A  change  in  any  of  the  factors  of  the 
environment  to  which  an  organism  re¬ 
sponds  by  some  change  in  its  structure 
or  activity  is  called  a  stimulus.  The  re¬ 
lation  between  stimulus  and  response 
was  briefly  considered  in  Chap.  2. 

Plants  respond  to  many  different  kinds 
of  stimuli.  Some  stimuli  act  in  a  general 
way  on  the  whole  organism.  Such  a 
general  stimulus  is  heat.  Up  to  a  certain 
point  plants  tend  to  grow  more  ra})idly 
the  higher  the  temperature. 

The  term  tropism  is  applied  to  re¬ 
sponse  to  a  stimulus  possessing  direc¬ 
tion.  Examples  of  such  stimuli  are 
gravity  and  light.  Respon.se  to  gravity 
is  called  geotropism.  The  main  or 
[)rimary  root  of  a  plant  grows  down¬ 
ward  and  is  said  to  be  positively  geo¬ 
tropic  because  the  respon.se  is  in  (he 
same  direction  as  the  pull  of  gravity. 

On  the  other  hand,  the  st(Mn  is  neg¬ 
atively  geotropie  since  it  t(‘nds  to  grow 
upward  in  a  direction  opposite  to  that 
of  (he  |:)ull  of  gravity  (Pig.  16:S). 

Response  to  light  is  calk'd  photo- 
tropism.  I.(‘aves  and  young  stc'ins  .ii'c 
positively  phololropi('  siiu'e  (hey  (('lul 
to  grow  toward  tlu'  light,  while  roots  an'  lu'gatively  phototroj^ic  since 
llu'y  (end  to  grow  away  from  iIk'  light  (lug.  16:6). 

Other  stimuli  which  may  rxrvi  a  din'ctive  influence  on  plant  growth 


Fig.  16:5  Geotropie  cur\ature  of  a 
seedling  of  mustard,  Brassica.  A,  just 
after  having  been  placed  in  the  hori¬ 
zontal  position ;  B,  about  24  hours  later. 
The  positively  geotropie  root  has  bent 
downward,  the  negatively  geotropie 
stem  upward.  From  Holman  and 
Robbins,  Textbook  of  (teneral  Botany, 
by  p>ermission  of  John  Wiley  &  Sons, 
Inc. 


Fig.  16:6  Photolropism.  On  the 
left,  jxirt  of  a  sunflower  jilant  with  its 
stein  marked  at  etjual  intenals:  on 
the  right,  the  .same  plant  after  ex- 
posure  to  a  one-sided  illumination. 
'The  iKMifling  occurs  in  the  region  of 
elongation.  I'Vom  Smith,  Overton,  et 
at,  I  ext  bonk  of  ( tenet  al  Botany,  Fhe 
Macmillan  ( lompany. 
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are  differences  in  the  quantity  of  moisture.  Roots  tend  to  grow  toward 
the  more  moist  regions  of  the  soil  —  hydrotropism  (Fig.  16:7).  Response 
to  differences  in  the  concentration  of  certain  chemical  substances 


(chemotropism)  is  exhibited  by  many 
young  stems  of  climbing  plants  respond 
to  contact  with  solid  objects  (thigmo- 
tropism) . 

The  bending  of  the  root,  stem,  or 
leaf  in  response  to  a  stimulus  is  due  to 
unequal  growth,  one  side  growing  more 
rapidly  and  becoming  convex,  while 
the  other  side  grows  more  slowly  and 
becomes  concave.  If  a  young  bean 
seedling  in  which  the  root  has  been 
allowed  to  grow  straight  downward 
in  response  to  gravity  is  later  turned 


Fig.  16:7  Hydrotropism.  Section  of  a  box 
containing  sand,  with  a  plant  near  one  end  and 
a  porous  flower  pot  containing  water  near  the 
other.  The  soil  is  moister  nearer  the  pot,  as 
indicated  by  the  darker  shading,  and  Lhe  un¬ 
equal  water  content  of  the  soil  on  different  sides 
of  the  plant  affects  both  the  form  and  the  direc¬ 
tion  of  growth  of  the  roots.  From  Smith,  Over- 
ton,  et  al.j  Textbook  of  General  Botany,  The  Mac¬ 
millan  Company. 


plants,  while  the  tendrils  and 


Fig.  16:8  Method  of  response  to 
gravity.  seedling  of  white  lupine, 
Lnpinus  albus  at  the  time  it  was 
placed  in  the  horizontal  position 
(.•\),  and  after  a  shorter  and  longer 
period  (B  and  C)  in  the  new  posi¬ 
tion.  The  end  of  the  root  is  marked 
off  into  zones  beginning  with  the  ex¬ 
treme  root  tip,  each  originally  1  mil¬ 
limeter  long.  Note  that  the  region  ol 
curv’ature  corresponds  with  the  re¬ 
gion  of  most  rapid  elongation  and 
that  the  curvature  is  due;to  unequal 
growth,  the  upper  side  growing 
more  rapidly  when  compared  with 
the  lower.  Redrawn  after  Sachs. 
From  Holman  and  Robbins,  Text¬ 
book  of  General  Botany,  by  permission 
of  John  Wiley  &  Sons,  Inc. 


and  held  so  that  the  root  is  horizontal  (Fig.  16:8),  the  part  of  the  root 
formed  after  the  turning  will  be  directed  downward.  By  making  marks 
on  the  root  it  can  be  shown  that  this  is  due  to  growth  being  faster  on  the 
upper  than  the  under  side.  That  this  response  to  gravity  is  not  merely  a 
falling  over  of  the  tip  of  the  root  is  shown  by  another  experiment.  A 
germinating  bean  is  so  placed  that  its  root  floats  on  the  surface  ol 
mercury.  In  spite  of  the  mercury  being  about  ten  times  as  heavy  as 
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the  root  tip,  the  latter  grows  downward  into  the  mercury  in  response 
to  gravity. 


9.  GROWTH  AND  GROWTH  SUBSTANCES 


The  growth  of  plants  depends  on  a  number  of  different  conditions. 
Some  of  these  are  external  to  the  plant  such  as  light,  temperature, 
availability  of  water  and  other  raw  materials  for  the  manufacture  of 
food  substances.  Others  are  internal  including  the  heredity  of  the  plant, 
the  interrelations  between  the  food  and  other  materials  in  its  body,  and 
the  presence  or  absence  of  certain  substances  designated  growth  sub¬ 
stances.  These  growth  substances  seem  to  be  of  two  kinds  called,  respec¬ 
tively,  vitamins  and  plant  hormones.  Both  substances  are  produced  in 
green  plants,  both  are  effective  in  low  concentrations.  Plant  hormones 
are  formed  by  the  plant  in  certain  specific  cells  and  produce  specific 
effects  when  transported  (presumably  by  translocation)  to  other  specific 
cells.  Vitamins  seem  to  be  produced  more  generally  in  plants  and  to 
produce  more  general  effects.^ 


A.  RfTcct  of  removing  and 
replacing  tip, 

a.  Normal  coleoptile. 

b.  Tip  removed.  Growth 
retarded. 

c.  Tip  replaced.  Growth 
resumed. 


B.  RfTect  of  replacing  tip 
on  one  side. 

a.  Tip  replaced  on  one 
side. 

b.  Side  with  tip  grows 
faster  curving  coleop- 
tilc. 


C.  Growth  hormones  can  be 
transmitted  through  agar 
jelly. 

a.  Tip  removed  from  coleoptile. 

b.  d  ip  placed  on  block  of  agar 
jelly. 

c.  Agar  block  placed  on  cut-off 
coleoptile.  (Growth  resumed. 

d.  Agar  block  placed  on  side  of 
cut-off  coleoptile.  Side  grows 
faster  curving  coleoptile. 


Fig.  16:9  Experiments  showing  the  existence  and  method  of  action  of  growth  hor¬ 
mones  in  plants. 


The  nature  of  |)lanl  Iionnont's  can  be  sliown  by  a  series  ol  experiinenls. 
The  young  seedling  of  the  oat,  .Im/r/,  has  |)rovetl  a  lavorable  object  lor 
these  (‘xperinients.  T  he  seed  of  the  oat,  which  is  a  monocotyledon, 

•  The  effects  of  vitamins  on  animals  are  discussed  in  Ghap.  29. 
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shows  a  structure  very  similar  to  that  of  corn  (Fig.  14:20).  'Fhe  seeds  are 
germinated  and  the  growth  of  the  coleoptile  studied.  This,  it  will  be 
remembered,  is  the  caplike  structure  which  covers  the  epicotyl  and  the 
immature  foliage  leaves.  The  coleoptile  is  particularly  favorable  for 
the  study  of  cell  growth  because  cell  division  in  it  stops  soon  after  germi¬ 
nation,  and  its  further  growth  is  entirely  by  cell  elongation,  which  occurs 
most  actively  toward  the  base  of  the  coleoptile.  (Fig.  16:9) 

When  the  extreme  tip  of  the  coleoptile  is  cut  ofT,  growth  of  the  remain¬ 
der  of  the  coleoptile  is  slowed.  However,  if  the  cut-ofT  tip  is  later  replaced, 
the  rate  of  growth  is  increased.  If  the  extreme  tip  is  cut  ofT  and  the 
cut-off  end  placed  on  one  side  of  the  cut  end  of  the  coleoptile,  instead  of 
growing  vertically  upward  the  coleoptile  bends  away  from  the  side  on 
which  the  tip  is  placed,  showing  greater  growth  on  that  side.  These 
experiments  and  others  of  a  somewhat  similar  nature  suggest  that  some 
growth-promoting  substance  passes  downward  from  the  tip.  When  the 
cut-off  tip  of  a  coleoptile  is  placed  on  a  small  block  of  agar  jelly  for  a 
short  time  and  the  block  is  then  placed  on  the  cut  surface  of  a  colcop- 
tile  from  which  the  tip  has  been  removed,  results  similar  to  those  obtained 
by  replacing  the  tips  arc  obtained.  This  seems  to  indicate  that  some  sub¬ 
stance  was  absorbed  by  the  agar  jelly  from  the  cut-off  tips  which  was 
later  transferred  to  the  coleoptilcs  and  stimulated  them  to  grow.  The 
term  auxins  has  been  applied  to  the  plant  hormones  involved  in  experi¬ 
ments  such  as  these.  Three  different  auxins  have  now  been  isolated  and 
their  chemical  composition  and  structure  determined.  All  three  are 
organic  acids.  One  of  them,  auxin  a,  has  the  composition  CiiiH3205. 
Strangely  enough,  this  auxin  seems  to  occur  also  in  human  urine. 

It  has  been  shown  that  auxins  are  effective  in  promoting  the  unequal 
growth  in  the  phototropism  of  the  stem  and  the  geotropism  oh  the  root. 

10.  THE  PHYSIOLOGY  OF  THE  PLANT  AS  A  WHOLE 

We  must  not  forget  that  the  different  physiological  processes  outlined 
in  the  foregoing  sections  of  this  chapter  do  not  proceed  independently. 
Transpiration  is  dependent  on  absorption  and  conduction;  photosyn¬ 
thesis  is  dependent  on  the  conduction  of  water  to  the  leaves;  growth  is 
dependent  on  the  manufacture  and  distribution  of  food  materials. 

The  physiological  activities  of  a  plant  are  illustrated  diagrammatically 
in  Fig.  16:10.  In  studying  this  diagram  certain  facts  should  be  kept  in 
mind  and  should  be  emphasized.  Respiration  occurs  in  all  the  living 
parts  of  the  plant  and  is  most  active  when  there  is  the  greatest  physio¬ 
logical  activity.  Growth  occurs  not  only  at  the  tips  of  the  roots  and  the 
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end  of  the  stem,  but  wherever  the  cambium  layer  is  active.  Protein 
synthesis  probably  occurs  in  many  different  parts  of  the  plant.  Food  may 
be  stored  anywhere  in  the  plant  body  depending  on  the  species  of  plant. 
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Fig.  16:10  T'hf  main  physiological  activities  of  a  green  plant. 
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Questions 

1.  Fist  the  raw  tiialcrials  used  l)y  .\  i)l.>n(  in  building  up  its  tissues.  St.ite  the 
.sotiree  of  each  and  where  it  enters  the  plant. 

2.  Show  how  1 1  .msplr.it ion  is  controlled  in  .»  pl.int. 
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3.  Trace  the  path  of  a  drop  of  water  from  the  time  of  its  absorption  by  a  root 
hair  until  it  reaches  the  atmosphere  by  transpiration  from  a  leaf. 

4.  In  the  case  of  the  above  drop  of  water  discuss  the  physical  forces  which  are 
known  to  act  on  it  during  its  passage. 

5.  Discuss  the  manufacture  of  sugar  by  photosynthesis;  list  the  raw  materials, 
giving  the  source  of  each,  the  by-products  and  their  distribution,  and  the 
source  of  energy  for  the  chemical  changes.  How  efficient  is  the  process? 

6.  Compare  respiration  and  photosynthesis. 

7.  Give  a  list  of  stimuli  and  state  some  of  the  ways  in  which  plants  may  respond 
to  them. 

8.  What  is  a  tropism? 

9.  Describe  experiments  showing  the  presence  of  growth  hormones  in  plants. 

Suggestion  for  Further  Reading 

Raber,  Oran,  Principles  of  Plant  Physiology^  The  Macmillan  Company,  New  York, 
1933. 


CHAPTER  77 


The  Economic  Importance  of  Plants 


1.  THE  IMPORTANCE  OF  PLANTS  TO  MAN 

The  word  “botany,”  which  is  from  a  Greek  root  meaning  “to  feed,” 
is  eloquent  testimony  to  the  primary  stimulus  to  the  study  of  plants  in  all 
ages.  All  animals,  and  man  is  no  exception,  are  dependent  ultimately 
on  plants  for  their  food.  Even  peoples  who,  like  some  of  the  Eskimos,  live 
entirely  on  a  meat  diet,  feed  on  animals  which  are  dependent  on  plant 
life  for  their  food.  Plants  are,  therefore,  of  the  greatest  economic  value 
to  man  and  no  country  or  nation  is  capable  of  independent  existence 
which  does  not  grow  the  plants  on  which  it  subsists.  Plants  are  essential 
not  only  as  food  but,  as  can  be  seen  from  the  following  sections,  for  the 
whole  fabric  of  our  present  civilization  which  is  dependent  on  the  use  of 
plant  products. 

2.  THE  CULTIVATION  OF  PLANTS 

The  cultivation  of  plants  began  in  the  Stone  Age  of  man  and  may 
have  arisen  as  the  result  of  a  happy  aceident,  when  seeds  gathered  for 
food,  but  accidentally  scattered  on  (he  ground  about  the  dwelling,  were 
seen  to  give  rise  to  useful  plants.  All  (he  diflerent  kinds  of  plants  now 
under  cultivation  in  various  j^arts  of  (he  world  were  originally  obtained 
from  wild  forms  although  it  is  often  difheult  to  say  with  certainty  what 
the  wild  form  was,  and  in  some  eases  (he  wild  forms  may  have  beeome 
extinct.  “Nearly  all  of  the  food  j)lan(.s  o(  civilized  man  came  under  cul¬ 
tivation  before  the  historical  jK'riod  ;  the  very  earliest  records  suggest  that 
the  grains,  t(‘xtile  fibc'rs,  v(‘g('(al)l('s,  and  fruits  which  arc  now  familiar 
to  us  were  in  everyday  use”  in  anri('n(  times. ‘ 

'  W.  W.  Rf)l)l)iii.H  nnd  !■'.  R.nn.ilry,  P/fWfs  Useful  to  Man,  V.  Rlakiston’s  Sons  &  Co.,  Inc., 
I’liiladrlpl.ia,  1033. 
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Agriculture  did  not  arise  independently  among  the  primitive  peoples 
of  the  world.  There  seem  to  have  been  three  distinct  areas  from  which 
both  the  methods  of  cultivation  and  the  plants  cultivated  became  dis¬ 
tributed  over  the  inhabited  world:  the  American  center  of  distribution, 
located  in  Central  America,  Mexico,  and  the  northwest  of  South 
America;  the  Mediterranean  center  consisting  of  the  countries  bordering 
on  the  east  of  the  Mediterranean;  and  the  oriental  region  corresponding 
to  what  is  now  the  southern  half  of  China.  In  these  regions  the  wild 
forms  of  many  of  our  cultivated  varieties  can  be  found  today.’ 

3.  THE  CHIEF  USES  OF  PLANTS 

The  economic  importance  of  plants  will  be  discussed  under  five  head¬ 
ings.  First,  the  cultivation  and  preservation  of  plants  for  food,  which 
includes  not  only  farming,  but  also  such  industries  as  those  concerned 
with  canning  and  the  making  of  sugar.  Second,  the  use  of  plants  to 
provide  raw  materials  for  industries  not  directly  connected  with  feeding 
the  population,  such  as  the  timber,  textile,  chemical,  and  fuel  industries. 
Third,  the  use  of  plants  in  medicine.  Only  mention  can  be  made  of  the 
fourth  and  fifth,  viz.,  the  use  of  plants  for  the  protection  of  land  from 
erosion  and  desiccation,  and  the  use  of  plants  as  ornaments,  which 
includes  the  horticultural  industry. 

4.  PLANTS  USED  FOR  FOOD 

Naturally  the  part  of  a  plant  used  as  food  is  the  part  in  which  it  has 
stored  nourishment  in  the  form  of  carbohydrates  (sugar  or  starch),  fats 
(vegetable  oils),  or  proteins.  In  the  different  species  of  plants  these  ma¬ 
terials  are  stored  in  different  parts.  Thus  in  some  cases,  as  in  cereals, 
we  eat  the  one-seeded  dry  fruit;  in  other  cases  the  fleshy  fruit  as  in 
oranges,  apples,  and  plums;  in  still  others,  the  leaves  as  in  cabbage  and 
lettuce;  in  another  the  stem  as  in  the  sugar  cane  and  the  potato;  and  in 
many  cases  the  root  as  in  the  turnip,  sweet  potato,  and  beet.  The  botanist 
and  the  housewife  attach  quite  different  meanings  to  the  word  “fruit.” 
For  the  botanist  a  fruit  is  a  ripened  ovary  of  a  flower  with  certain  floral 
structures  with  which  it  may  be  associated.  The  housewife  applies  the 
term  only  to  such  of  the  botanist’s  fruits  as  are  sweet  and  fleshy.  Thus  such 
“vegetables”  as  string  beans  and  tomatoes  are,  according  to  the  botanist, 
fruits. 
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(1)  CEREAL  GRAINS 

Cereals  include  such  plants  as  wheat,  barley,  rye,  oats,  corn,  and  rice, 
which  belong  to  the  family  of  the  grasses  {Gramineae) .  They  form  the 
chief  food  of  mankind.  Wheat  is  grown  chiefly  in  North  America  and 
Europe,  rice  in  the  Orient. 

fa}  y/HEAT,  TRITICUM  AESTIVUM 

The  wheat  plant  is  a  typical  grass  (Fig.  17:1).  The  stem  branches 
underground  giving  rise  to  a  number  of  above-ground  branches  called 


Fig.  17:1  The  wheat  plant.  In  the  center  llie  complete  plant;  at  the  left,  the  inflores¬ 
cence,  a  spike;  at  the  right,  a  spikelet  consisting  of  three  flowers. 

tillers.  The  leavt's  arise  alternately  at  the  nodes  and  eacli  consists  ol  a 
sheath  surrounding  the  stem  from  which  the  leal  blade  extends.  Each 
tiller  b(*ars  a  single  inllore.scence  or  “ear”  technically  called  a  spike. 
The  spik(‘  consists  of  a  number  of  sj)ik(T(‘ts  arranged  on  opjwsite  sides 
of  the  main  axis  or  rachis.  A  sj)ik(T('t  is  made  up  ol  three  to  six  llowt'rs 
on  a  short  braneh  oi*  r.ichilla.  At  th<'  bast*  ol  the  spikelet  are  two  bracts, 
called  in  this  case  glumes.  I'kich  llower  is  in  the  axil  ol  another  bract 
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called  a  lemma  by  which  it  is  surrounded  and  almost  completely  en¬ 
closed.  Bristles  or  awns  on  the  lemmas  of  the  flowers  of  the  spike  form  the 
“beard”  of  the  wheat.  An  individual  wheat  flower  consists  of  a  palet 
representing  the  calyx  and  two  small  scalclikc  lodiculcs  representing 
the  corolla.  There  are  three  stamens  and  a  single  pistil  consisting  of  a 
one-chambered,  one-seeded  ovary  and  two  styles,  each  bearing  a 
stigma. 

The  fruit  of  the  wheat  is  called  a  grain.  It  consists  of  the  single  seed 
surrounded  by  the  dried-up  wall  of  the  ovary  which  docs  not  split  open 
to  allow  the  seed  to  escape. 

The  cultivation  of  the  wheat  plant  began  in  the  Mediterranean  region 
in  prehistoric  times,  probably  at  least  2000  years  before  the  birth  of 
Christ.  It  is  not  surprising,  therefore,  that  hundreds  of  varieties  adapted 
to  special  conditions  and  special  purposes  have  been  developed.  Some 
varieties  produce  especially  large  yields,  others  arc  suited  to  the  semiarid 
conditions  of  the  southwestern  United  States,  still  others  to  conditions 
on  the  Pacific  coast.  Some  are  best  suited  to  the  making  of  ordinary 
^white  flour,  others  produce  a  hard,  glassy  grain  suited  to  the  making  of 
'macaroni  and  crackers,  while  still  other  varieties  make  the  best  pastry 
flour. 

Winter  wheats  are  planted  in  autumn  and  produce  small  plants  which 
live  through  the  winter,  develop  rapidly  in  the  spring,  and  ripen  early  in 
July.  Such  wheats  can  be  grown  only  where  the  winters  are  mild.  Spring 
wheats  are  sown  early  in  the  spring,  and  ripen  two  or  three  weeks  later 
than  the  winter  wheats. 

The  cultivation  of  wheat  varies  with  the  variety  and  the  locality.  It  is 
desirable  to  have  a  rotation  of  crops,  planting  wheat  one  year  and  clover, 
alfalfa,  or  other  crops  for  three  or  more  years,  before  the  next  planting 
of  wheat,  because  wheat  takes  the  nitrogen  from  the  soil. 

In  olden  times  the  process  of  harvesting  was  done  in  several  steps  by 
hand.  When  the  wheat  was  ripe  the  entire  shoot  was  cut  down  with  a 
sickle  or  scythe.  This  was  then  carried  to  the  threshing  floor  where  it 
was  beaten  with  the  flail  to  free  the  grains  from  the  inflorescence.  By 
winnowing,  the  chaff,  being  lighter,  is  blown  away  from  the  heavier 
grain.  This  is  still  the  method  used  by  primitive  people  today.  On  large 
modern  farms  the  whole  process  is  done  automatically  by  a  machine 
called  a  harvester.  When  made  into  flour  the  grain  is  ground.  In  whole¬ 
wheat  or  graham  flour  the  entire  grain  is  used.  In  the  making  of  standard 
white  flour  the  seed  coat  and  the  outer  part  of  the  endosperm  are  re¬ 
moved  as  the  bran. 
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(b)  BARLEY,  HORDEUM  VULGARE 

The  barley  resembles  the  wheat  plant.  The  inflorescence  is  a  spike  and 
the  grain  is  similar  to  that  of  the  wheat.  The  chief  use  of  barley  is  in  the 
preparation  of  malt.  In  making  malt  the  barley  grain  is  germinated.  In 
this  way  much  of  the  starch  of  the  endosperm  is  converted  to  sugar.  The 
grain  is  then  dried  and  may  be  ground  to  a  powder.  Malt  is  used  in 
preparing  beverages.  Barley  is  also  grown  as  a  pasture  crop  for  grazing. 

(c)  RYE,  SECALE  CEREALE 

Rye  is  similar  to  wheat  in  its  structure.  It  will  grow  on  poor  and  sandy 
soil,  unsuited  to  wheat.  Rye  flour  is  used  for  bread.  The  grain  is  used  in 
the  manufacture  of  alcoholic  liquors.  The  plant  is  used  as  a  pasture  crop 
and  the  dried  straw  is  used  in  the  manufacture  of  cardboard,  hats,  and 
other  articles. 

(d)  OATS,  AVENA  SATIVA 

The  inflorescence  of  oats  differs  from  that  of  the  cereals  previously 
considered  in  being  a  panicle.  In  a  panicle  the  flowers  are  borne  at  the 
ends  of  long  slender  branches.  Oats  are  largely  used  as  food  for  horses. 
Rolled  oats  are  used  as  a  cooked  breakfast  food.  The  whole  plant  is  used 
as  a  pasture  crop  and  for  making  hay. 

(ej  INDIAN  CORN  OR  MAIZE,  ZEA  MAYS 

Indian  corn  was  grown  for  food  in  South  America,  Central  America, 
and  Mexico  long  before  the  coming  of  the  white  man.  The  corn  plant, 
^ea  mays,  resembles  the  wheat  plant.  Although  much  larger  in  size  the 
inflorescence  of  the  corn  {)lant  is  similar  in  structure  to  that  of  the  wheat 
except  that  in  the  corn  there  are  pistillate  spikes  and  staminatc  panicles. 
Each  spikclet  of  the  pistillate  spike  consists  of  two  pistillate  flowers  of 
which  only  the  upper  one  is  caj)able  of  developing  a  seed.  When  ripe 
the  pistillate  sj)ike  becomes  (he  familiar  “ear  ol  corn.”  he  glumes, 
lemmas,  and  j)al(‘ts  bec  ome  llu*  chaff  of  the  corn  col),  fkich  grain  on  the 
cob  reprc.sents  a  ripcaic'd  ovary  (I’ig.  14:2d).  Tlu'  slaminate  j')aniclcs  are 
longer  and  more  slendcT  than  the  pistillate  spikes.  '1  he  s|)ikelets  consist 
of  two  staminatc  flowers,  each  containing  three  stamens  and  an  unde- 
vcloped  ovary. 

There  an*  many  varic'tic'S  of  maize*.  n(*nt  corn  has  a  smooth  grain  and 
is  tli(*  vari(*ty  most  ex((*nsiv(‘ly  j)lant(*(l  in  tlu*  fhiited  States.  Sweet  corn 
wh(*n  ripe*  has  wrinkled  grains.  In  poju'oi'n  tlu*  outer  sc'cd  coat  is  tough 
and  resistant  to  loss  of  moistur  e*.  When  heated,  the  grains  pop  due  to  the 
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sudden  bursting  of  the  seed  coat,  which  in  turn  is  due  to  the  steam  formed 
from  the  water  in  the  seed.  Nearly  every  part  of  the  corn  plant  can  be 
used.  The  grain  can  be  used  to  make  corn  meal,  hominy,  corn  oil,  corn 
flakes,  starch,  and  glucose.  Corn  oil  is  used  not  only  as  a  food,  but  in  the 
manufacture  of  soap  and  paints.  Cornstarch  is  used  in  the  manufacture 
of  glucose  which  is  familiarly  known  as  corn  syrup  and  is  sometimes  used 
as  a  substitute  for  molasses  which  is  made  from  sugar  cane.  It  is  also 
used  in  the  making  of  gums  such  as  those  used  on  postage  stamps  and 
envelopes.  The  entire  corn  plant  is  used  as  fodder  for  cattle  both  fresh  and 
after  fermentation  in  the  silo.  A  recent  development  is  its  use  in  making 
pressed  boards  to  be  used  as  a  substitute  for  sawed  lumber. 


(f)  RICE,  ORYZA  SATIVA 

Rice  is  the  great  food  of  the  Orient  just  as  wheat  is  the  food  of  the 
Occident.  It  is  the  chief  food  of  the  population  of  China  and  India,  where 
meat  is  only  rarely  eaten.  The  rice  plant  is  a  typical  grass  resembling 
^  the  wheat  plant.  Its  inflorescence 

is  a  panicle  like  that  of  the  oat. 


Fig.  17:2  Varieties  of  the  cabbage.  A, 
wild  Brassica  oleracea  from  which  the  fol¬ 
lowing  cultivated  plants  are  thought  to 
have  come;  B,  kohlrabi;  C,  cauliflower;  D, 
cabbage;  E,  Welsh  or  Savoy  cabbage,  F, 
Brussels  sprouts.  From  Smith,  Overton, 
et  al.^  Textbook  of  General  Botany,  The  Mac¬ 
millan  Company. 


(2)  FRUITS 

The  various  types  of  fruits  are 
treated  with  examples  in  Chap.  14, 
Art.  3,  where  their  economic  im¬ 
portance  is  also  discussed. 

B.  LEAVES  AND  STEMS 

The  leaves  of  many  plants  are 
used  as  a  source  of  nourishment, 
vitamins,  or  condiments.  The  cab¬ 
bage  and  its  near  relatives  are  not 
only  important  economic  plants; 
they  show  in  a  striking  way  how 
a  wild  plant  may  be  changed  by 
cultivation.  The  wild  cabbage, 
Brassica  oleracea,  is  found  growing 
at  the  present  time  on  the  coast  of 
western  and  southern  Europe  (Fig. 
17:2).  Under  cultivation  this  has 
been  developed  into  the  kale, 
broccoli,  head  cabbage,  Brussels 
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sprouts,  kohlrabi,  and  cauliflower.  In  the  case  of  kale,  broccoli,  and  cab¬ 
bage,  the  leaves  are  eaten.  In  Brussels  sprouts,  the  “sprouts”  are  small 
heads  which  arise  on  the  stem  below  the  large  leaves.  In  the  kohlrabi 
the  stem  is  short  and  fleshy  and  forms  an  article  of  diet  in  Europe  and 
certain  sections  of  the  United  States.  The  cauliflower  is  an  interesting 
case;  here  it  is  the  inflorescence  which  be¬ 
comes  fleshy  and  is  eaten  as  a  vegetable. 

The  onion  (Fig.  17:3)  is  a  biennial  which 
forms  a  large  bulb  consisting  mainly  of 
fleshy  leaf  bases.  In  the  leek,  a  close  relative 
of  the  onion,  the  base  of  the  stem  and  the 
bases  of  the  leaves  are  eaten.  The  edible 
part  of  the  endive  consists  of  the  young 
basal  leaves.  Lettuce  is  an  annual  which 
produces  numerous  leaves  in  a  head. 

The  rhubarb  is  a  perennial  herb  which 
grows  up  each  season  from  a  rhizome  or 
underground  stem.  Large  leaves  appear  in  the  spring.  The  stalks  of  these 
leaves  constitute  the  rhubarb  which  we  eat. 

The  leaves  of  the  tea  and  tobacco  plants  are  in  a  somewhat  different 
class  from  those  just  considered  as  they  are  not  used  as  lood.  The  tea 
plant  is  naturally  a  tree  but,  when  grown  for  its  leav’es,  is  pruned  down 
to  a  shrub.  The  leaves  arc  about  2  inches  long  and  leathery  in  texture. 
The  tea  of  commerce  is  made  from  dried  and  broken  leaves.  The  process 
involves  fermentation  and  slow  drying  in  the  ca.se  ol  black  tea.  The  chiel 
tea-growing  countries  are  India,  including  Cleylon,  and  China.  The 
tobacco  plant,  Nicotiana  tahacum^  is  an  annual.  W  hen  grown  for  its  leav'cs 
the  “top”  of  the  stem  where  the  flowers  appear  is  cut  ofT  so  that  all  the 
nourishment  goes  into  leaf  production.  'I'he  large,  thin  leaves  u.sed  lor 
cigar  wrappers  are  obtaiiK'd  by  growing  the  plants  under  canv'as.  The 
shade  reduces  the  transpiration  and  the  de\'elopment  of  vascular  tissue. 

The  sugar-cane  plant,  which  lu'longs  to  the  grass  lamily,  is  cultiv^ated 
for  the  sugar  stored  in  its  st(*m.  It  is  propagated  artificially  by  planting 
short  .sections  of  stem  from  which  n(‘w  stems  ari.se.  I  h(‘  cane  is  pa.ssed 
between  rollers  and  (he  Juic(‘  is  .s(|U('e/.(‘d  out.  Lime  is  th(‘n  added  to  the 
juice  and  unites  with  c(Ttain  of  the  impurities,  lorming  a  scum  on  the 
surface  and  a  sediment  on  the  bottom  ol  tlu*  containers.  I  he  cU'ar  jui(a' 
is  then  run  into  t'vaporating  p.ms.  Here,  due  to  the  evaporation  ol  the 
licjuid,  much  of  the  sugar  crystallizes  out  and  l^  .separated.  I  he  liquid 
which  remains  is  known  as  molasses.  I  he  crushed  cane  is  ust'd  as  fuel 
and  for  the  manufacture  of  a  substitute  for  wooden  planking. 


Fig.  17:3  Onion,  longitudinal 
section  showing  swollen  leaf 
bases. 
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Asparagus  is  a  perennial  herb.  Early  in  the  season  fleshy  shoots  appear. 
These  young  shoots  constitute  the  common  table  “vegetable.” 

Potatoes  are  really  swollen  portions 
of  the  underground  stem  or  tubers 
of  the  potato  plant,  a  perennial  herb. 
That  this  is  so  can  be  proved  by  ex¬ 
amining  the  “eyes”  which  have  the 
structure  of  buds  (Fig.  17:4).  Potatoes 
are  planted  by  “sowing”  pieces  of 
“seed”  potatoes  which  must  each 
contain  at  least  one  “eye.”  The  potato 
is  a  native  of  the  Americas  and  was 
introduced  into  Europe  by  the  Spaniards.  It  is  second  only  to  the  cereals 
as  food  in  northern  countries. 


Fig.  17:4  Potato  which  is  really  an 
underground  stem.  The  “eyes”  are 
buds. 


C  ROOTS 

About  half  of  the  world’s  sugar  comes  from  the  sugar  i)cet.  The  other 
half  is  obtained  from  sugar  cane.  The  sugar  beet  is  a  biennial  herb,  the 
fleshy  root  being  formed  during  the  first  season.  Other  varieties  are  the 
garden  beet,  used  as  a  table  vegetable,  the  mangel-wurzels  used  for  feeding 
stock,  and  the  chard  of  which  the  leaves  are  used  as  “greens.”  Other 
biennial  herbs,  the  fleshy  roots  of  which  are  widely  used  as  “vegetables,” 
are  the  carrot  and  turnip.  The  radish  and  parsnip  are  either  annuals  or 
biennials  depending  on  whether  the  seed  is  sown  early  or  late  in  the 
season.  Here  also  it  is  the  root  which  forms  the  edible  portion. 

D.  FUNGI 

There  are  many  kinds  of  edible  fungi  and  some  which  are  very 
poisonous.  There  is  no  general  rule  for  distinguishing  edible  from  in¬ 
edible  species.  The  only  safe  way  is  to  know  how  to  distinguish  the 
individual  species  and  to  know  which  are  edible.  The  mushroom  most 
commonly  seen  on  the  market  and  which  is  cultivated  for  this  purpose  is 
Agaricus  campestris.  The  most  poisonous  species  belong  to  the  genus 
Amanita.  The  morel,  Morchella.,  is  a  “sac  fungus”  and  is  club-shaped. 
The  famous  French  truffles,  of  which  the  commonest  is  Tuber  brumale^  are 
also  sac  fungi.  The  fruit  is  developed  underground,  usually  among  the 
roots  of  oak  trees.  French  peasants  use  hogs,  which  are  able  to  detect  the 
fungus  by  its  smell,  in  collecting  the  plants  for  the  market. 

Something  has  already  been  said  in  the  chapter  on  thallophytes  con¬ 
cerning  the  fungus  diseases  of  plants  where  the  life  cycle  of  the  wheat 
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rust  is  described.  Other  important  fungus  diseases  of  economic  plants 
are  the  different  smuts  attacking  cereals,  the  late  blight  of  the  potato, 
the  mildews  attacking  various  fruits,  especially  that  of  the  grape,  and 
the  apple  scab.  Some  plant  diseases,  including  the  fire  blight  of  the  pear, 
are  caused  by  bacteria,  but  most  plant  diseases  are  caused  by  other 
kinds  of  fungi. 

5.  PLANT  PRODUCTS 

Not  only  do  plants  supply  the  major  part  of  man’s  diet  but  they  also 
provide  the  raw  materials  for  many  important  industries.  Indeed,  it  is 
only  necessary  to  look  around  one  to  see  that  without  plant  products 
civilized  man  would  be  without  shelter,  furniture,  and  most  of  his  cloth¬ 
ing,  not  to  mention  many  other  things  which  contribute  to  his  comfort 
and  efficiency. 

A.  TIMBER 

Wood  is  composed  almost  entirely  of  the  xylem  of  trees.  Its  rigidity  is 
due  to  the  xylem  cells.  Woods  are  distinguished  as  softwoods  and  hard¬ 
woods.  In  a  softwood  the  xylem  vessels  arc  large  and  relativ’ely  thin 
walled,  while  in  a  hardwood  the  vessels  arc  usually  smaller  in  diameter 
and  have  thicker  walls.  Most  of  the  trees  which  yield  soft  woods  are 
Gymnosperms  and  the  most  important  of  these  are  the  various  varieties 
of  pine  {Pinus).  White  pine,  on  account  of  the  ease  with  which  it  can  be 
worked  and  the  absence  of  warping  and  splitting,  was  one  of  the  most 
important  of  woods.  Of  late  years  the  supply  of  this  wood  has  beeome 
reduced  and  other  sp(‘ei(\s  are  taking  its  |:)laee.  Two  species  of  true  spruce 
{Picea)^  and  the  so-calhxl  Douglas  hr  [Pscudotsiiga)^  are  in  common  use. 
Of  the  hardwoods  the  diherent  sp('('i('s  of  oak  {Oiiercus)  are  most  im¬ 
portant.  d’hree  wich'ly  us(‘d  specie's  of  oak  are  white  oak,  red  oak,  and 
live  oak,  the*  first  Ix'ing  the  most  imj)ortant  and  useful.  Other  important 
hardwoods  are:  white'wood  (from  the*  tulij)  tree),  inaj:)le,  elm,  ash,  and 
chestnut.  Tor  the  making  of'  furniture',  walnut,  cherry,  birch,  and  oak 
arc  im|)e)rtant  ame)ng  woods  growing  in  this  country  while  imported 
woods  sue  h  as  mahe)gany,  rose'wex)el,  anel  salinwoexl  are  the  most  prized. 

d’he  cork  of  ce)mme'rce'  is  e)l)taine'd  from  the'  cork  oak  {Qjtcrcus  subn), 
a  Mediterrane'an  tre'e*.  Be'siele's  timbe'r  anel  ce)rk  a  number  of  other  im- 
[)ortant  prexlucls  use'el  in  inelustiy  are'  e)f)taine'el  fremi  tree's,  such  as  rubber, 
turpe'.nline',  anel  we)e)el  ale'e)he)l.  Rubhe'i'  is  e^btaine'd  fre)m  the'  sap  eif  a 
numbe-r  e)!'  eliffe're'iil  tre)pie*al  tre'e'S,  the'  me)st  im|)e)rt.mt  be'ing  the'  Para 
rubbe'r  tre'e*  {/frvra).  d  urpe'iiline'  is  e)l)taincel  by  distilling  die  sap  which 
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exudes  from  many  trees.  The  material  left  behind  in  the  distillation  is 
called  resin.  Resins  are  used  in  the  making  of  varnishes. 

Wood  pulp,  as  used  in  papermaking,  is  made  chiefly  from  soft  woods. 
Wood  chips  and  sawdust  are  now  used  extensively  as  a  source  of  cellulose 
which  is  treated  chemically  to  produce  a  great  variety  of  artificial  fibers 
and  films  used  for  a  variety  of  purposes. 


B.  TEXTILES 

Three  plants  are  especially  important  in  the  textile  industry,  cotton, 
flax,  and  hemp.  Cotton  is  obtained  from  a  number  of  different  species  of 
plants,  some  originally  trees  or  shrubs  which  by  cultivation  have  been 
developed  into  low  herbaceous  forms.  The  fruit  of  the  cotton  plant  is  a 
capsule  containing  numerous  seeds.  The  capsule  opens  when  ripe  and  is 
then  called  a  boll.  Each  fiber  of  the  cotton  is  a  hairlike  outgrowth  of  a 
single  cell  of  the  epidermis  of  the  seed  coat.  Two  kinds  of  hairs  occur,  i 
long  hairs  which  form  the  “lint”  and  short  hairs  which  form  the  “fuzz.” 
More  than  half  of  the  world’s  annual  production  of  cotton  comes  from 
the  southern  states  of  the  United  States.  The  cotton  bolls  are  picked  by 
hand  from  the  cotton  plant,  and  formerly  the  lint  was  picked  from  the 
seeds  also  by  hand.  The  cotton  gin  has  replaced  hand  labor  for  picking 
the  lint.  It  consists  of  a  series  of  small  saws  which  automatically  remove 
the  long  fibers  or  lint  from  the  seeds.  For  the  market  the  cotton  is  tied  in 
bales  weighing  approximately  500  pounds  each.  The  lint  is  spun  into 
thread  and  woven  into  fabrics.  Cotton  is  also  used  as  a  source  of  cellulose 
for  the  making  of  guncotton,  celluloid,  and  rayon. 

The  flax  plant  is  an  annual  about  2  feet  high  with  small  narrow  leaves. 
It  has  been  cultivated  from  early  times  in  Europe,  Africa,  and  Asia  but 
is  unknown  in  the  wild  state.  The  flax  of  commerce  is  obtained  from  the 
stem,  each  fiber  being  an  elongated  cell  of  the  mechanical  tissue  of  the 
cortex.  The  preparation  of  the  fiber  from  the  stem  includes  exposure 
to  the  weather  for  several  weeks  which  brings  about  a  partial  separation 
of  the  fibers  from  the  other  tissues.  The  final  separation  is  brought  about 
by  a  fermentation  process  called  retting,  in  which  the  fibers  being  more 
resistant  remain  after  the  decay  of  the  other  parts.  This  is  followed  by 
treatments  which  serve  to  further  separate  and  clean  the  fibers.  The 
fibers  are  spun  into  linen  which  may  be  used  either  as  thread  or  woven 
into  cloth.  Linseed  oil  is  made  from  the  seed  of  the  flax. 

The  hemp  plant  is  an  erect  annual  from  5  to  12  feet  high.  The  fibers 
like  those  of  the  flax  are  cells  of  the  mechanical  tissue  of  the  cortex  of  the 
stem.  The  process  of  preparation  is  somewhat  similar  to  that  of  flax.  The 
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fibers  are  coarser  than  those  of  the  flax  plant  and  are  spun  into  ropes  and 
twine  and  woven  into  canvas. 

C  FUELS 

Nearly  all  fuel  comes  either  directly  or  indirectly  from  plants.  Coal  is 
fossilized  plant  material.  Peat  is  dried,  decayed  vegetable  material 
from  bogs. 

6.  MEDICINAL  PLANTS 

The  search  for  medicinal  plants  began  before  recorded  history  and 
has  continued  to  the  present  day.  This  search  has  had  many  interesting 
phases  and  its  history  throws  light  on  man’s  efforts  to  combat  disease. 

During  the  Middle  Ages  there  developed  an  interesting  superstition 
called  the  doctrine  of  signatures.  According  to  this  doctrine  there  was 
a  correspondence  between  the  shape  of  a  plant  and  the  organ  of  the 
human  body  which  it  affected.  Thus,  it  was  believed  that  a  plant  with 
heart-shaped  leaves  would  be  effective  in  the  treatment  of  heart  disease, 
a  kidney-shaped  seed  in  renal  disturbances,  and  so  on. 

The  modern  science  which  deals  with  the  effect  of  drugs  on  the  body 
is  called  pharmacology.  The  study  of  the  chemical  composition  and 
physiological  effects  of  drugs  has  led  in  many  cases  to  the  discovery  of 
the  active  principles  or  essential  substances  which  they  contain.  Direc¬ 
tions  for  the  preparation  and  identification  of  drugs  in  the  United  States 
are  published  in  a  book  calk'd  the  United  States  Pharmacopoeia.  This 
is  the  standard  for  all  drugs  used  in  the  United  States.  Other  countries 
have  their  own  pharmacopoeias. 

Some  plants  are  of  special  interest  as  the  sources  of  important  drugs. 
Opium,  which  is  the  dried  juice  of  the  fruit  (capsule)  of  the  poppy  plant, 
is  the  source  of  a  number  of  opiate's  or  .sedatives,  the  oldest  and  best 
known  of  which  is  morjihine;  anotlu'r  is  codeine.  Heroin  is  a  white, 
crystalline  substance  ck'rive'd  from  morjihine.  All  these  drugs  are  danger¬ 
ous  habit  foruK'i's.  Belladonna  is  obtained  from  the  leaves  and  roots  ol 
the  belladonna  j)lant  and  contains  atropine  as  its  active  principle. 
Atropine  is  iisc'd  to  paralyze  the  muscle  of  the  iris  by  oj)hthalmologists. 
Ergot  is  the  common  name  of  a  fungus,  Clariccps  purpurea,  which  causes 
a  disease  of  rye  and  oth('r  c('r(‘als,  but  is  also  aj)plied  to  a  drug  obtained 
from  the  fungus.  It  stimulates  the  contraction  of  smooth  muscles,  espe¬ 
cially  those  of  the  uU'rus  and  is  usi'd  to  aid  ck'livery  in  childbirth. 
Strychnine  is  obtained  from  the  seeds  ol  Sfryc/inos  mix  vomica,  an  Isast 
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Indian  tree,  and  other  plants.  It  is  used  as  a  cardiac  stimulant.  Digitalis, 
which  is  the  ground-up  leaves  of  the  foxglove  and  contains  digitalin  as 
an  active  principle,  slows  the  action  of  the  heart.  Cascara  sagrada  is 
obtained  from  the  bark  of  the  California  buckthorn  and  is  used  as  a  mild 


Fig.  17:5  Colonies  of  Penicillium^  showing  surrounding  zone  of  bacterial  inhibition.  The 
Petri  dish  was  first  inoculated  with  Staphylococcus  aureus.  Ihe  bacteria  were  allowed  to 
spread  over  the  agar,  forming  an  orange-colored  film  (gray  in  the  photograph)  over 
the  whole  surface.  Three  colonies  of  Penicillium  notatum  were  then  started  on  the  same 
plate.  As  the  colonies,  which  appear  as  circular  white  areas  with  darkened  centers,  grow 
out  they  are  surrounded  by  a  clear  area  (dark  in  the  photograph)  from  which  the  orange 
film  has  disappeared  due  to  the  inhibition  of  the  bacteria.  This  is  the  phenomenon,  noted 
by  Fleming  in  1929,  which  led  to  the  discovery  of  penicillin.  Reproduced  from  The 
Story  of  Penicillin,  Merck  &  Co.  Inc.,  Rahway,  N.  J. 

cathardc  or  laxative.  Castor  oil,  obtained  from  the  bean  of  the  castor-oil 
plant,  is  another  common  cathartic.  Very  few  drugs  have  a  specific  action 
on  the  parasites  of  infectious  diseases.  Quinine,  a  white  powder  extracted 
from  the  bark  of  the  einehona  tree,  is  one  of  them.  When  taken  by  mouth 
it  kills  the  malarial  parasite  in  the  blood  stream.  Atebrin  is  used  as  a 
substitute  for  quinine. 

Penicillin  seems  to  be  almost  ideal  for  combating  many  bacterial 
infections.  The  diseovery  of  this  remarkable  substance  was  the  result  of 
observations  made  on  a  eulture  of  bacteria  {Staphylococcus)  which  had 
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become  contaminated  by  the  growth  of  a  mold.  The  green  mold,  which 
belonged  to  a  common  variety,  Penicillium  notatum,  was  seen  to  be  sur¬ 
rounded  by  a  zone  in  which  the  bacteria  were  disintegrating  (Fig.  17:5). 
When  this  mold,  a  variety  of  Penicillium  notatum,  was  isolated  and  grown 
in  pure  culture,  it  was  found  to  produce  a  potent  antibacterial  substance 
which  diffused  into  the  culture  medium.  The  antibacterial  substance 
was  then  isolated  in  a  partially  pure  form.  During  the  Second  World 
War  very  active  research  resulted  in  further  purification  and  the  pro¬ 
duction  of  the  new  drug  on  a  large  commercial  scale.  Penicillin  is 
regarded  as  the  best  therapeutic  agent  available  for  the  treatment  of  a 
number  of  common  and  serious  bacterial  infections  including  some  types 
of  pneumonia,  meningitis,  mastoiditis,  and  peritonitis. 

More  recently  another  drug  called  streptomycin  similar  to  penicillin 
has  been  isolated  from  another  mold,  Streptomyces  griseus.  Streptomycin 
is  the  first  drug  found  which  can  cure  tularemia  (rabbit  fever)  and  certain 
dangerous  and  resistant  urinary  infections.  It  has  also  been  used  with 
some  success  against  influenzal  meningitis,  typhoid  fever,  bacillary 
dysentery,  and  wound  infection.  The  drug  has  been  shown  to  kill  the 
bacillus  of  tuberculosis  in  laboratory  cultures  but  so  far  has  not  beer- 
used  successfully  in  the  human  body. 
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Questions 

1.  Discuss  the  origin  of  agriculture. 

2.  List  the  chief  uses  of  plants. 

3.  Name  the  most  important  food  plant  in  the  Western  Hemisphere. 

4.  Describe  the  preparation  of  wheat  for  food. 

5.  Give  the  botanical  names  and  the  uses  of  barley,  rye,  oats,  maize. 

6.  Name  the  part  eaten  in  a  plum,  peach,  date,  cucumber,  apple,  orange. 

7.  Give  examples  of  aggregate  fruits  which  arc  eaten. 

8.  Give  two  examples  of  multiple  edible  fruits. 

9.  What  is  a  chestnut? 

10.  How  are  coffee  and  cocoa  obtained? 

11.  Give  examples  of  plants  with  edible  leaves. 

12.  Give  an  example  of  a  plant  grown  for  the  petioles  of  its  leaves. 

13.  Give  the  source  of  tea  and  tobacco. 

14.  What  is  a  potato? 

15.  What  are  the  two  chief  sources  of  sugar? 

16.  Discuss  edible  fungi. 

17.  Name  two  hardwood  and  two  softwood  trees. 

18.  What  is  the  source  of  cork? 

19.  Name  the  three  most  important  plants  grown  to  provide  raw  materials  for 
textile  industries.  What  products  arc  made  from  each? 

20.  Name  five  drugs  and  state  their  sources. 

Suggestion  for  Further  Reading 

Robbins,  W.  W.,  and  F.  Ramaley,  Plants  Useful  to  A/an,  P.  Blakiston’s  Son  & 
Company,  Inc.,  Philadelphia,  1933. 


PART  III.  Invertebrates 


“The  lower  animals  have  not  the  high  advantages  which  we  have,  but 
they  have  some  which  we  lack.” 


Montesquieu 


CHAPTER  18 

Unicellular  Animals  (Phylum  Protozoa) 


This  part  is  concerned  with  the  more  important  invertebrate  phyla. 
We  begin  with  the  phylum  which  contains  the  simplest  animals  —  the 
phylum  Protozoa.  The  animals  included  in  this  phylum  all  consist  of  a 
single  cell,  or  in  certain  cases  of  groups  or  colonies  of  single  cells,  each 
capable  of  carrying  on  an  independent  existence. 

1.  THE  CLASS  SARCODINA 

A,  AMOEBA,  A  UNICELLULAR  ANIMAL 

An  amoeba  is  about  the  size  of  the  extreme  tip  of  a  well-sharpened 
pencil  or  a  little  smaller  than  the  period  at  the  end  of  this  sentence.  It  is 
the  most  famous  and  the  best  known  single-celled  animal.  Of  the  many 
wonders  which  the  microscope  has  revealed  there  is  probably  none  which 
has  had  more  fascination  for  the  student.  No  one  who  has  once  seen  its 
agitated  grayish  and  transparent  form  gradually  flow  across  the  field  of 
view  will  ever  forget  the  sight,  and  the  thrill  of  looking  at  and  through 
the  very  essence  of  life,  naked  living  protoi)lasm. 

The  outer  surface  of  amoeba  consists  of  the  pla.sma  membrane,  there 
being  no  cell  wall  or  otlu'r  visible  covering.  T  he  peripheral  portion  of  the 
cytoplasm  is  clear  and  devoid  of  granules.  It  is  called  the  ectoplasm  to 
distinguish  it  from  the  internal  granular  ])orlion  of  the  cytoplasm  which 
is  called  endoplasm.  Some  authorities  distinguish  in  the  endoplasm  an 
inner  fluid  portion  of  th<'  endo|)lasin  which  they  call  the  plasmasol,  and 
an  outer  gelatinous  portion  which  tliey  call  the  plasmagel,  and  maintain 
that  there  is  a  constant  int('rehange  between  these  two  portions  (Fig. 
18:1). 

Amo(T)a  usually  occurs  on  dead  leaves  or  other  objects  with  which 
the  bottoms  of  ponds  are  covered.  An  amoeba  moves  over  this  material, 
which  forms  the  substratum,  by  thrusting  out  |)ortions  of  its  cytoplasm, 
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called  pseudopodia  in  the  direction  in  which  it  is  going  (Fig.  18:2). 
The  term  amoeboid  movement  has  been  applied  to  this  characteristic 
mode  of  locomotion,  which  is  regarded  as  probably  the  most  primitive 
method  of  locomotion  among  animals.  Exactly  how  a  pseudopodium 
originates  and  exactly  what  is  the  mechanism  of  its  movement  are  not 
clear.  Two  theories  have  been  advanced.  One,  which  may  be  called 
the  surface  tension  theory,  maintains  that  there  is  a  lowering  of  the 


Food  vacuole  Plasmosol 


Fig.  18:1  A  diagram  of  an  amoeba  illustrating  the  sol-gel  theory  of  pseudopodia  for¬ 
mation.  The  more  liquid  plasmasol  is  forced  in  the  direction  of  the  arrows  by  the  more 
solid  plasmagel.  The  plasmasol  flows  into  the  pseudopodium  and  changes  into  plasmagel 
at  the  sides.  A  hyaline  cap  is  formed  at  the  front  end  of  the  pseudopodium.  The 
plasmalemma  is  a  membrane  which  appears  to  be  equivalent  to  the  plasma  membrane. 
After  S.  O.  Mast  from  Hegner,  College  ^oology^  The  Macmillan  Company. 

surface  tension  at  the  surface  of  the  plasma  membrane  where  the  pseudo¬ 
podium  is  formed  leading  to  a  bulging  of  the  cytoplasm.  Another,  which 
may  be  called  the  sol-gel  theory,  is  based  on  the  presence  of  a  plasma-  i 
sol  and  a  plasmagel  and  maintains  that  changes  from  the  sol  state  to  the 
gel  state,  and  vice  versa,  cause  the  endoplasm  to  flow  in  a  particular 
direction  and  form  a  pseudopodium.  Amoeba  adheres  to  the  substratum, 
possibly  by  means  of  a  secretion  passed  out  through  the  plasma  mem¬ 
brane. 

The  method  by  which  an  amoeba  obtains  its  food  resembles  the 
method  by  which  certain  of  the  gastrodermal  cells  of  Hydra  ingest  food 
particles  which  is  described  in  Chap.  2.  It  feeds  on  other  minute  plants 
and  animals  which  abound  in  the  water  in  which  it  lives.  These  it 
captures  by  means  of  its  pseudopodia.  When  an  organism  suitable  for 
food  is  encountered,  pseudopodia  are  thrust  out  around  it  and  gradually 
enclose  it  along  with  a  minute  drop  of  water  (Fig.  18:3).  Such  a  minute 
drop  of  water  enclosing  the  meal  and  surrounded  by  a  portion  of  the 
plasma  membrane,  which  now  lies  within  the  protoplast,  is  called  a 
food  vacuole.  The  captured  organism  may  be  still  alive  when  taken  into 
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the  food  vacuole  and  if  it  is  a  motile  form  may  be  seen  swimming  around 
in  the  water  contained  in  the  vacuole. 

To  be  used  as  food  the  captured  organism  must  be  digested.  Diges¬ 
tion  consists  in  making  the  nutritive  material  soluble,  so  that  it  can  pass 
through  the  membrane  lining  the  food  vacuole  into  the  cytoplasm  of  the 
amoeba.  To  become  soluble  the  material  must  be  changed  chemically. 


Fig.  18:2  Amoeboid  movement.  Successive  changes  in  form  assumed  by  an  amoeba. 
The  clear  ectoplasm  flows  forward,  followed  by  the  granular  endoplasm  with  the  nucleus 
(darker)  and  contractile  vacuole  (lighter).  Modified  after  V'erworn,  from  Woodruff, 
Foundations  of  Biology,  The  Macmillan  Company. 


These  chemical  changes  arc  brought  about  in  the  food  vacuole.  Enzymes 
arc  formed  in  the  cytoplasm  of  the  amoeba  and  pass  through  the  vacuolar 
membrane  into  the  food  vacuole.  The  nature  and  activities  of  enzymes 
were  discussed  in  Chap.  7.  By  their  catalytic  action  the  insoluble  organic 
materials  which  arc  contained  in  the  food  materials  arc  broken  down 
into  simpler  soluble  substances.  The  process  by  which  these  soluble 
substances  pass  through  the  plasma  membrane  into  the  cytoplasm  of  the 
amoeba  is  called  absorption.  'The  material  absorbed  through  the  plasma 
membrane  into  (he  pro(oj)lasm  is  eitlu'r  stored  in  it  as  reserve  food 
maU'rial  or  built  u|)  into  new  protoplasm.  This  latter  process  is  called 
assimilation.  Not  all  of  tlu'  materials  in  the  captured  organism  can 
l)(‘  dig(\sted  by  th(‘  ('nzym(‘s  |)ro(luced  by  the  amoeba;  some  remain 
undigesl(*(l  and  insolul )!(*.  After  all  of  (he  digested  material  has  been 
al)sorl)(‘(l  ihi'ough  the  plasma  membraiu'  of  (he  food  vacuole  into  (he 
|)roloplasm  ol  iIh*  amoc'ba,  (la*  remaining  contents  of  the  lood  vacuole 
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are  expelled.  This  process  of  expulsion  of  undigested  material  is  called 
egestion.  In  the  case  of  egestion  the  material  expelled  never  has  passed 
through  the  plasma  membrane  and  never  really  formed  a  part  of  the 
cell.  In  this  respect  egestion  is  quite  different  from  excretion  which  is 
considered  in  the  next  paragraph. 

The  vital  processes  carried  on  by  the  protoplasm  of  the  amoeba  require 
energy.  Energy  is  needed  for  the  manufacture  of  the  more  complicated 


Fig.  18:3  Amoeba  feeding.  A  series  of  drawings  made  at  short  interv'als  of  an  individual 
ingesting  a  cyst  of  Euglena.  Redrawn  after  Jennings,  The  Behavior  oj  the  Lower  Organisms, 
by  permission  of  the  Columbia  University  Press, 


kinds  of  food  materials,  for  the  building  up  of  new  protoplasm,  for  the 
movement  of  materials  within  the  protoplasm,  and  for  the  locomotion 
of  the  amoeba.  The  energy  for  all  these  activities  comes  from  the  break¬ 
ing  down  and  oxidation  of  food  materials,  espe^lly  carbohydrates  and 
fats.  To  this  process  of  oxidation  as  carried  on^  iiv  living  cells  we  have 
already  applied  the  term  respiration.  An  amoeba  can  live  only  in  water 
which  contains  a  certain  amount  of  oxygen  in  solution,  which  oxygen 
usually  gets  into  the  water  from  green  plants  during  the  day  and  from 
the  surrounding  air  at  all  times.  The  oxygen  in  solution  in  the  water 
passes  through  the  plasma  membrane  of  the  amoeba  into  its  protoplasm. 
Similarly  the  carbon  dioxide  formed  in  the  protoplasm  as  a  result  of 
respiration  is  passed  out  through  the  plasma  membrane  into  the  water. 
Other  materials  besides  carbon  dioxide  arise  from  the  breaking  down  of 
food  materials  and  protoplasm,  e.g.,  urea  which  contains  nitrogen. 
These  materials  are  also  passed  out  through  the  plasma  membrane. 
The  giving  off  of  these  materials  is  called  excretion.  It  will  be  noticed 
that  the  materials  given  off  in  excretion  were  actually  in  the  protoplasm 
and  there  took  part  in  living  processes. 

In  the  endoplasm  of  the  amoeba  are  various  small  granules,  which 
consist,  in  most  cases,  of  stored  food  materials.  If  these  granules  are 
watched  it  will  be  seen  that  they  are  moved  along  in  a  continuous  stream 
by  the  endoplasm.  This  movement  makes  possible  the  formation  of 
pseudopodia  but  it  is  also  concerned  in  the  distribution  throughout  the 
protoplast  of  the  materials  involved  in  the  processes  of  metabolism.  A 
conspicuous  structure  in  the  cytoplasm  of  the  amoeba  is  the  contractile 
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vacuole  (Fig.  18:1).  This  appears  as  a  clear  round  body  which  periodi¬ 
cally  disappears,  sending  its  contents,  which  are  mostly  water,  to  the  out¬ 
side.  The  contractile  vacuole  probably  aids  in  excretion,  but  its  main 


Fig.  18:4  Amoeba  dividing.  Redrawn  from  L.  L.  Woodruff,  Animal  Biology^  The  Mac¬ 
millan  Company. 


function  would  seem  to  be  to  relieve  the  protoplasm  of  excess  water. 
Water  is  formed  in  amoeba  as  a  result  of  respiration.  It  may  also  enter 
the  amoeba  through  the  plasma  membrane  or  the  membranes  of  the 
food  vacuoles  as  a  result  of  greater  osmotic  pressure  within  the  animal. 
In  line  with  this  latter  possibility  is  the  fact  that  endamoebas,  which 
live  in  the  intestines  of  higher  animals,  where  the  osmotic  pressure  is 
relatively  high,  are  without 
contractile  vacuoles. 

y- 

The  amoeba  r^roduccs 
by  division  (Fig.  18:4).  First 
the  nucleus  divider  and  then 
the  cytoplasm  becomes  con¬ 
stricted  and  eventually  di¬ 
vides,  forming  two  daughter 
individuals  which  separate 
and  grow  to  the  size  of  tlu* 
parent  when  they  in  turn 
may  divide. 

B.  OTHER  SARCODINA  of  John  Wiley  (Jv  Sons,  Ine. 

Besides  Amoeba  which  has  already  be<'n  described,  many  other  inter- 
asting  Protozoa  are  included  in  the  class  Sareodina.  Very  similar  to 
Amoeba  an*  tin*  various  sp(‘eies  of  tlu*  genus  Bbidamoeba,  parasitic  iu  tlu' 
mouth  and  intestinal  tract  of  man  and  many  other  animals.  Tlu'  oral 


Ingested  red  Food  vacuoles 


Entamoeba  Entamoeba 

histolytica  coli 


Fig.  18:5  Endarnocha  liistolyti<a,  cause  of  amoe¬ 
bic  dysentery,  and  Endamot'ha  coli,  a  harmless 
|)arasi(e  of  the  human  intestine,  magnilied  ap¬ 
proximately  850  times.  Redrawn  alter  Cdiandler, 
Introduction  to  Human  rarasitologr,  by  j^ermission 
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endamoeba  of  man,  Endamoeba  gingivalis,  is  believed  to  be  the  cause  of 
pyorrhea,  a  rather  common  disease  in  which  the  teeth  become  sur¬ 
rounded  by  pus  pockets  and  may  eventually  fall  out.  One  of  the  intes¬ 
tinal  endamoebas  of  man,  Endamoeba  histolytica  (Fig.  18:5),  is  a  cause  of  a 
form  of  dysentery  not  uncommon  in  certain  parts  of  the  tropics.  There 
is  also  a  harmless  species,  Endamoeba  coli,  which  occurs  rather  frequently 
in  the  intestine  of  man  in  all  parts  of  the  world  (Fig.  18:5). 

Included  in  the  class  Sarcodina  are  the  Foraminifera  and  the  Radi- 
olaria,  small  animals  of  the  sea,  important  on  account  of  their  great 

abundance  and  as  food  for  many  other  marine 
animals.  The  Foraminifera  form  minute  shells, 
many  of  which  are  like  miniature  snail  shells 
(Fig.  18:6).  Although  individually  microscopic, 
these  organisms  have  occurred  and  occur  in 
such  great  numbers  that  their  shells,  after  sink¬ 
ing  to  the  bottom  of  the  ocean,  have  formed 
great  layers  of  rock.  The  chalk  of  chalk  clifTs 
is  often  composed  almost  entirely  of  the  shells 
of  Foraminifera.  The  Radiolaria  include  many 
beautiful  radiate  forms  with  siliceous  skeletons. 
Over  vast  tracts  of  the  ocean  floor  their  skele¬ 
tons  are  the  principal,  almost  the  sole,  con¬ 
stituents  of  the  ooze  (or  fine  mud)  and  the 
same  must  have  been  true  in  past  times  since 
in  many  geological  deposits  the  rocks  are  composed  of  the  same  materials. 

2.  THE  CLASS  MASTIGOPHORA 

The  class  Mastigophora  is  abundant  and  widely  distributed,  occurring 
in  fresh  and  salt  water,  in  the  soil,  and  parasitically  in  animals  and  plants. 
Three  examples  will  be  described :  the  free-living  plantlike  Euglena,  the 
colonial  Volvox^  and  the  parasite  of  African  sleeping  sickness.  Trypano¬ 
soma  gambiense. 


Fig.  18:6  A  forminiferan 
(phylum  Protozoa,  class  Sar¬ 
codina). 


A.  EUGLENA 

Euglena  is  a  small,  single-celled  organism  which  lives  in  small  fresh¬ 
water  ponds  under  much  the  same  conditions  as  Amoeba^  excepting  that 
it  occurs  near  the  surface.  For  reasons  which  will  appear  later,  it  is 
sometimes  classified  as  a  plant.  It  is  taken  up  at  this  point  because  its 
structure  can  be  more  easily  understood  after  a  study  of  Amoeba,  The 
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general  shape  of  Euglena  may  be  described  as  that  of  a  cigar,  rather 
pointed  at  one  end  and  blunt  at  the  other  (Fig.  18:7  A).  This  relatively 
fixed  shape  is  due  to  the  existence  of  a  thin  elastic  membrane  or  pellicle, 
covering  the  outer  surface,  outside  the  plasma  membrane.  The  pellicle 
is  sufficiently  elastic  to  allow  the  protoplast  to  bend  and  undergo  a  series 
of  contractions  proceeding  from  one  end  to  the  other,  causing  a  forward 
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Fig.  18:7  Eufilenn  ni^llis.  On  ihr  left  a  frcc-swimniing  individual.  On  the  right  an  indi¬ 
vidual  in  the  process  of  division.  After  VV.  H.  Baker,  from  MacDougall,  Biology^  The  Science 
nj  Lije^  McCiraw-I  lill  Book  Company. 


movcmcnl  of  the  wliole  cell.  Fhis  type  of  movement  is  so  characteristic 
that  the  term  cuglcnoid  movement  lias  been  a})plicd  to  it  although  it 
now  appt'ars  (hat  such  movements  occur  only  under  unusual  conditions. 
Active  locomotion  in  Euglena  is  produced  liy  a  long  whiplike  structure, 
the  flagellum,  extcMiding  from  tlu*  blunt  end  which,  because  it  is  the 
forward  end  in  locomotion,  is  calk'd  (he  anterior  end.  I  lu'  (lagr'llmn 
draws  the  euglena  after  it  through  (Ih*  water  by  a  lashing  movement. 

A  small  opening  ('alh'd  th('  mouth  in  (he  antr'rior  end  h'ads  into  a 
shof  t  Inbe,  di('  gullet,  whi('h  in  (urn  ('onnects  with  a  small  round  \'('sicle. 
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the  reservoir.  Into  the  reservoir  open  contractile  vacuoles.  The  flagellum 
is  attached  to  the  side  of  the  gullet  and  passes  out  through  the  mouth. 
Near  the  attachment  of  the  flagellum  is  a  red  eyespot.  Euglena  swims 
toward  ordinary  daylight  but  away  from  the  direct  rays  of  the  sun.  It 
has  been  shown  experimentally  that  the  eyespot  is  the  part  most  sensi¬ 
tive  to  light.  There  is  a  single  well-defined  nucleus. 

The  cytoplasm  of  Euglena  contains  numerous  chloroplasts.  It  is  thus 
able,  in  the  presence  of  light,  to  manufacture  its  own  food  materials 
from  the  carbon  dioxide  dissolved  in  the  water,  the  water  itself,  and 
inorganic  salts.  Euglena  probably  never  ingests  materials  by  the  so-called 
mouth.  It  has  been  shown  that  it  can  exist  for  a  considerable  time  in  the 
absence  of  sunlight  if  organic  materials  arc  in  the  water.  Thus  Euglena  is 
able  to  obtain  its  food  materials  in  two  w’ays:  by  photosynthesis  like  a 
green  plant  or  by  absorbing  organic  food  materials  from  its  surroundings. 

Euglena  reproduces  by  longitudinal  division  (Fig.  18:7).  The  nu¬ 
cleus  divides  first.  The  cell  division  begins  at  the  anterior  end,  the  old 
flagellum  going  to  one-half  and  a  new  one  growing  out  from  the  other 
half.  Under  certain  conditions  the  euglena  may  become  spherical  and 
form  a  gelatinous  capsule  or  cyst  around  itself.  It  is  then  said  to  be  en¬ 
cysted.  In  this  condition  the  protoplast  may  divide.  When  conditions 
change  the  euglenas  come  out  of  the  cyst  and  elongate. 

On  account  of  its  chloroplasts  Euglena  is  by  many  classified  as  a  plant. 
Indeed,  there  is  a  large  group  of  free-living  flagellated  organisms  with 
this  plantlike  character  which  arc  therefore  distinguished  as  phyto- 
flagellates.  Among  them  are  many  colonial  forms.  One  of  them  is  Volvox, 

B.  THE  VOLVOX  COLONY 

Volvox  has  already  been  referred  to  under  the  Mastigophora.  It  is 
claimed  by  both  botanists  and  zoologists.  The  botanists  claim  it  because 
it  manufactures  its  food  by  photosynthesis,  the  zoologists  because  its 
structure  resembles  that  of  a  protozoan.  It  will  now  be  described  in  some 
detail  because  its  structure  and  life  history  illustrate  some  important 
biological  principles.  A  full-growm  colony  of  Volvox  (Fig.  18:8)  consists 
of  several  thousand  individuals  arranged  to  form  a  sphere.  As  they  float 
in  the  fresh  water  of  ponds  and  lakes  the  colonies  appear  as  minute  greep 
balls  varying  in  size  up  to  1  millimeter  in  diameter.  Two  kinds  of  in¬ 
dividuals  enter  into  the  composition  of  a  colony  —  vegetative  individ¬ 
uals  which  are  in  the  great  majority  and  reproductive  individuals.  Both 
kinds  of  individuals  are  imbedded  in  a  gelatinous  matrix. 

The  vegetative  individuals  are  typical  flagellates.  Each  possesses  twc 
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flagella  which  project  outward  from  the  colony,  an  eyespot  or  stigma, 
contractile  vacuole,  chloroplast,  and  nucleus.  The  vegetative  individuals 
of  the  colony  are  in  physiological  communication  with  each  other 
through  strands  of  protoplasm  passing  through  the  gelatinous  matrix. 
The  movements  of  flagella  cause  the  colony  to  rotate  and  move  slowly 

Daughter 
colonies 


Strands  o( 


Fig.  18:8  Vnlvox.  A,  mature  colony  witli  daughter  colonies  produci'd  Iroin  partlicuo- 
goudia  by  asexual  re|)rodiictiou ;  B,  details  of  vegetative  iudis  iduals  and  sexual  repro¬ 
duction. 

through  tlic  water.  I'Ik'  colonies  .irt'  positively  pholotroj)ic  and  tend  to 
collect  in  the  sunlight. 

Young  eolonies  consist  entirely  of  individuals  similar  to  the  vegetative 
individuals.  As  a  ('olony  l)(‘eom(\s  mature  n'produetive  indi\'iduals  he- 
eom(‘  diderentiated.  d'lu'se  art'  rt'ally  rt'prodiK'tivt'  cells  ol  three'  kinds: 
macrogametes  which  dt'vt'lop  into  singh',  large,  sjtherieal  eggs;  niicro- 
gametes  whir'll  dr'vr'lop  into  ntmK'rous  small  llagellatr'd  sperms;  and 
partlicnogoniclia  which  dr'vt'lop  into  eolonir'S.  '1  lu'  t'gg  is  i('rtili/('d  in  tlu' 
colony  and  the  zygoir'  dt'vt'lops  a  rr'sistant  et'll  wall.  In  this  eonditi(.)n  it 
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undergoes  a  period  of  rest  and  usually  does  not  develop  further  until 
after  the  death  of  the  colony.  The  parthenogonidia,  as  their  name  im¬ 
plies  (Gr.  parthenos,  a  virgin)  resemble  eggs  but  develop  into  colonies 
without  fertilization.  As  is  often  the  case  among  the  lower  organisms, 
sexual  reproduction  takes  place  in  anticipation  of  a  change  in  conditions 
while  asexual  reproduction,  in  this  case  by  means  of  parthenogonidia, 
is  a  means  of  rapid  multiplication  when  the  conditions  are  favorable. 


To  cerebrospinal  fluid 
causing  sleeping  sickness  and  death 


Fig.  18:9  Life  cycle  of  Trypanosoma  gambiense.  Modified  after  Chandler  from  L.  L. 
Woodruff,  Foundations  of  Biology,  The  Macmillan  Company. 
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C  THE  TRYPANOSOME  OF  SLEEPING  SICKNESS 

Many  flagellates  are  parasitic;  one  of  these  is  the  deadly  parasite  of 
sleeping  sickness,  Trypanosoma  gambiense.  Trypanosoma  gambiense  lives  in 
the  blood  of  man  and  antelopes  in  central  Africa,  and  in  the  intestine 
and  salivary  glands  of  a  blood-sucking  fly,  the  tsetse  fly,  by  which  it  is 
transmitted  from  one  mammalian  host  to  another.  The  parasite  of  the 
blood  is  an  elongated,  cigar-shaped  animal  two  or  three  times  as  long  as 
the  diameter  of  a  human  red  corpuscle  (Fig.  18:9).  A  single  long 
flagellum  arises  near  one  end  of  the  body  and  is  attached  to  the  body 
along  nearly  the  whole  of  its  length,  forming  an  undulating  membrane, 
the  wavelike  movement  of  which  propels  the  try^panosome  through  the 
blood  plasma.  The  trypanosomes  multiply  rapidly  by  fission  in  the  blood. 
The  ‘‘sleeping  sickness”  or  coma  occurs  when  the  trypanosomes  w’ork 
their  way  into  the  nervous  system.  When  an  infected  man  or  animal  is 
bitten  by  a  tsetse  fly  some  of  the  trypanosomes  are  usually  taken  in  with 
the  blood  into  the  fly’s  intestine.  There  the  parasite  passes  through  cer¬ 
tain  stages  and  after  about  three  weeks  is  found  in  the  salivary  glands  of 
the  insect.  Not  until  the  trypanosomes  have  reached  the  salivary  glands 
is  the  fly’s  bite  infective.  When  this  is  the  case  the  trypanosomes  are  in¬ 
jected  into  the  blood  with  the  saliva  which  the  fly  injects  before  sucking 
its  meal.  The  injected  trypanosomes  are  then  ready  to  start  the  cycle 
again  in  their  new  host.  The  control  of  sleeping  sickness  depends 
upon  the  control  or  extermination  of  the  tsetse  fly  in  the  particular 
region. 

D.  OTHER  MASTIGOPHORA 

The  flagellated  i^rotozoa  are  a  very  large  group.  Besides  the  free- 
swimming  and  attached  forms  of  fresh  and  salt  water  and  the  many 
parasitic  forms  in  both  invc'rtebrate.s  and  vertel)rates,  there  are  a  number 
of  forms  whicli  occur  in  the  soil  wlu're  they  seem  to  l)e  ol  importance  in 
causing  the  decay  of  v('getal)l(‘  matter. 


3.  THE  CLASS  INFUSORIA 

'Fhe  name  “Infusoria”  is  given  to  these  animals  because  tliey  fre- 
(juenlly  occur  in  infusions.  An  infusion  is  lormed  wlu'n  oiganic  material 
is  allowed  to  decay  in  water.  'The  Infusoria  occur  abundantly  in  fresh 
wat(‘r,  in  the  sea,  and  as  j^arasilcs  in  tlu'  intestinal  tracts  of  otlu'r  animals. 
*^1  he  slipper  animalcule,  l^ndmrcium,  will  1)(‘  dc'seribed  as  an  ('xamph' 
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A.  PARAMECIUM 

Paramecium  is  a  relatively  elongated,  single-celled  animal  which  lives 
in  stagnant  water.  One  end,  designated  the  anterior,  since  it  is  usually 
kept  in  advance,  is  rounded  and  flattened,  while  the  other  end,  the 
posterior,  is  pointed.  Since  this  general  shape  suggests  a  slipper,  it  is 
sometimes  called  the  “slipper  animalcule”  (little  animal).  Like  Euglena 
it  has  a  thin  outer  covering  or  pellicle,  and  preserves  a  relatively  fixed 
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Fig.  18:10  Paramecium^  showing  internal  structure.  Somewhat  diagrammatic.  From 
Pfurtscheller  \vall  chart,  redrawn  after  Hegner,  College  Zoology^  The  Macmillan  Company. 


Trichocysts 


body  shape.  Extending  from  the  flattened  side  of  the  anterior  end, 
backward  in  the  form  of  part  of  a  long  spiral  to  about  the  middle  of  the 
body,  is  a  groove,  the  oral  groove  (Fig.  18:10).  In  place  of  the  single 
flagellum,  which  forms  the  locomotor  organ  of  Euglena,  in  Paramecium 
the  entire  surface  of  the  body  is  covered  with  fine  hairlike  processes  called 
cilia.  The  cilia  beat  the  water  in  such  a  way  as  to  make  the  animal  move 
forward.  The  action  of  a  cilium  is  somewhat  similar  to  the  stroke  of  an 
oar  rowing  a  boat.  During  the  forward  part  of  its  movement,  however, 
the  cilium  is  bent  and  offers  less  resistance  to  the  water;  during  the 
backward  part  of  its  stroke  it  is  straightened  out  and  like  an  oar  forces 
the  paramecium  along. 

An  outer  layer  of  ectoplasm  surrounding  an  inner  granular  endo¬ 
plasm  can  be  distinguished  in  the  eytoplasm.  In  the  ectoplasm  just  inside 
the  pelliele  are  small  spindle-shaped  bodies  called  trichocysts.  When 
the  paramecium  is  irritated,  the  trichocysts  explode,  sending  out  long, 
fine  threads  into  the  surrounding  water. 

The  oral  groove  is  continuous  through  a  mouth  with  a  short  tube,  the 
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gullet.  Paramecium  feeds  mosdy  on  baeteria.  These  are  driven  by  the 
movement  of  the  eilia  in  the  oral  groove  into  the  gullet,  through  which 
they  pass.  At  the  end  of  the  gullet  food  vacuoles  like  those  of  amoeba  are 
formed.  In  the  food  vacuoles  digestion  occurs,  as  in  amoeba,  and  the 
nutrient  material  is  absorbed.  Due  to  a  cyclosis  similar  to  that  which 
occurs  in  the  elodea  leaf  the  food  vacuoles  are  moved  along  a  course 
which  carries  them  from  one  end  to  the  other  of  the  paramecium.  After 
the  nutritive  material  has  been  absorbed  from  a  food  vacuole  the  un¬ 
digested  material  is  expelled  through  a  temporary  opening  called  the 
anus  which  always  re-forms  at  the  same  point  on  the  surface  of  the  body. 
At  each  end  of  the  animal  is  a  contractile  vacuole  into  which  run  radial 


Fig.  18:11  Paramecium  caudalum.  Spiral  path  of  a  frcc-swimming  specimen.  The  animal 
is  moving  from  the  left  toward  the  right  in  the  diagram.  From  Hegner,  College  ^oolog)\ 
The  Macmillan  C’ompany. 


canals  from  the  surrounding  cyioj.)lasm.  1  he  contractile  \'acuolcs  arc 
lined  by  plasma  incmljranc.  Their  function  is  probal^ly  the  same  as  that 
of  the  contractile  vacuole  of  ainot  ba.  Oxygen  is  taken  in  through  the 
plasma  membrane  over  the  entire  surface  of  the  body  and  through  it 
also  carbon  dioxide  and  the  excretory  products  are  given  off. 

In  traveling  through  the  watt  r  paraineeium  follows  a  spiral  course. 
The  beat  of  the  cilia  is  oblitjuely  backward  and  across  the  body  so 
that,  while  they  force  the  animal  forward,  they  also  rotate  it  on  its 
longitudinal  axis.  Al.so  tlu*  eilia  in  th(‘  oral  groove  beat  more  vigorously 
than  those  over  tlu'  rest  of  the  body  .so  th.it  the  paramecium  tends  to 
swerve  toward  th(‘  side  of  tlu*  oral  grooxt'.  Ilowever,  the  rotation  on 
the  axis  caus(\s  the  .animal  .is  a  whole*  to  move  in  a  spiral  rather  than  a 
circle  (Fig.  18:1 1). 

One  wonders  how  an  .anim.il  as  .'^imph'  as  p.iramecium  is  able  to  pick 
its  way  among  the  many  obstacles  in  the  j)ond  and  to  find  its  tood. 
Oareful  study  h. as  shown  that  on  the  whole  the*  bc'havior  ol  paramecium 
('onfonns  to  .a  few  sim|)le  j).iU('rns.  ( )ne  ol  these*  is  the*  avoiding  reaction. 
Whe*n  llie*  .animal  eneounl{*rs  a  solid  e)l)j(*ct  eir  .m  unla\'e:)ral)le*,  chemical 
(*nvire)nm(*nl  in  its  p.alh  the  eili.i  re*V(*rse*  the'ir  action  anel  the*  .mimal 
me)ve*s  l),ae*kw;ir(l  lor  .a  sheirt  elist.anee'  (lag.  18:12).  It  the*n  steips  anel  the* 
anle*iae)r  (*n(l  moves  in  a  e  irele  while*  w.at(*r  is  elriven  inte)  the*  e)r.al  greK)\'('. 
Whe*n  the*  w.ate'i'  s.mipl(*(l  in  (he*  e)r.il  gre)e)ve  is  suit.ibh*,  le)rwarel  me)\'e'- 
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ment  is  resumed  in  a  new  direction.  If  the  object  or  chemical  is  reen¬ 
countered  the  reaction  is  repeated,  and  will  be  repeated  until  a  satisfac¬ 
tory  course  results.  This  type  of  reaction  in  which  the  animal  seems  to 
try  and  try  again  until  it  succeeds,  has  been  called  trial  and  error. 

The  nucleus  of  Paramecium  may  be  considered  as  consisting  of  two 
distinct  parts,  a  larger  part  called  the  macronucleus,  and  a  smaller  part, 
separated  from  this  but  lying  close  to  it,  called  the  micronucleus.  The 
macronucleus  seems  to  be  concerned  chiefly  with  the  metabolism  of  the 
animal  while  the  micronucleus  is  concerned  with  reproduction,  especially 
sexual  reproduction.  Some  species  have  two  micronuclei. 


other  source  of  stimulation.  1-6,  successive  positions  occupied  by  the  animal.  The  rota¬ 
tion  on  the  long  axis  is  not  shown.  After  Jennings,  from  Hcgner,  College  Zoology^  The  Mac¬ 
millan  Company. 

Paramecium  reproduces  asexually  by  transverse  division  also  referred 
to  as  fission  (Fig.  18:13).  Both  the  micronucleus  and  the  macronucleus 
divide.  This  is  followed  by  a  constriction  of  the  body  in  the  middle  region, 
the  old  gullet  and  oral  groove  going  with  the  anterior  half  while  a  new 
gullet  and  oral  groove  are  formed  in  the  posterior  half. 

The  usual  means  of  reproduction  of  the  Infusoria  is  by  transverse 
division,  in  which  process  both  the  micronucleus  and  the  macronucleus 
divide.  However,  at  intervals  a  process  called  conjugation  occurs  which 
is  usually  followed  by  an  increase  in  the  rate  of  transverse  division.  When 
two  paramecia  enter  into  conjugation,  they  adhere  by  their  ventral  sur¬ 
faces,  at  which  point  the  cuticle  and  plasma  membrane  disappear,  so 
that  the  protoplasm  of  the  two  individuals  becomes  confluent,  forming 
a  protoplasmic  bridge.  Now  follows  a  series  of  nuclear  changes  in  each 
of  the  two  conjugants  (Fig.  18:14).  In  each  the  micronucleus,  which 
usually  lies  in  a  cavity  of  the  macronucleus,  moves  out  and  becomes 
larger.  It  then  forms  a  spindle  and  divides  into  two  daughter  nuclei. 
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Each  of  these  then  divides  again  into  two  giving  four  daughter  micronu- 
clei  in  each  of  the  two  conjugants.  Three  of  the  four  micronuclei  in  each 
of  the  conjugants  degenerate  and  the  one  which  remains  divides  again, 
unequally  however,  one  of  the  resulting  daughter  nuclei  called  the 
female  being  larger  than  the  other  which  is  called  the  male.  The  male 
micronuclei  migrate  across  the  protoplasmic  bridge  so  that  there  results 
an  interchange  of  male  micronuclei  between  the  two  conjugants.  In  each 


Fig.  18:13  Paramecium  caudatum.  Division:  a,  the  niicronuclcns  is  beginning  mitosis; 
A,  the  micronuclcus  is  in  mitosis  and  the  macronucleus  is  Ix'ginning  to  elongate  and 
constrict;  r,  the  micronucleus  is  separating  into  daughter  micronuclei  and  a  second  oral 
groove  and  two  new  contractile  vacuoles  have  develojxxi;  d,  the  division  is  now  complete 
and  the  daughter  individuals  are  ready  to  separate.  In  the  form  of  mitosis  seen  in  the 
micronucleus  the  nuclear  membrane  remains  intact.  T  he  macronucleus  appears  to  divide 
by  some  form  of  amitosis.  From  Hegner,  Colhpe  ^  >olog)’,  T  he  Macmillan  Company. 

conjugant  the  newly  arrived  male  mieroiuicleus  fu.ses  with  the  lemale 
micronucleus  to  form  a  fu.sion  nucleus,  the  process  being  similar  to  the 
fusion  of  gametes  to  form  a  zygote.  Alter  this  interchange  ol  nuclei,  the 
conjugants  .separate  and  are  luaiceforth  called  exconjugants.  C’onjuga- 
tion,  which  occurs  not  only  in  paramecium  but  generally  in  the  In- 
fu.soria,  is  obviously  to  be  ex|)laine(l  as  a  sexual  proce.ss.  1  he  male 
micronuclcus,  called  also  the  migratory  nucleus,  is  to  be  comjxired 
with  the  sperm  nucleus  of  plants  and  animals,  and  the  stationary  lemale 
nucleus  to  the  niK'h'us  of  the  (‘gg.  'The  union  ol  the  two  nucU'i  is  really 
a  procc'ss  of  fertili/.ition.  Alb'r  tlu'  two  ('onjugants  s('p. irate',  tlu'  mac- 
roniK  l('us  of  ('.u  h,  whieh  in  the'  mrantinu'  has  not  di\  id('d,  breaks  up 
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and  degenerates.  The  fusion  nucleus  gives  rise  both  to  new  macronuclei 
and  to  new  micronuclei  (Fig.l8:14). 


migrate  stationary  nuclei  nucleus  divide  divide 

fuse  has  divided  again  once  more 


Four  micronuceli  Remaining  Paramecium  Micronucleus  Paramecium 

become  micronucleus  divides  divides  divides 

macronuclei  divides  again 

Fig.  18:14  Diagrams  illustrating  the  conjugation  of  Paramecium  caudatum.  .\fter  the  fu¬ 
sion  of  the  migratory  and  stationary  nuclei  the  conjugating  paramecia  separate  and  pro¬ 
ceed  to  divide  transversely.  Only  one  of  each  of  the  paramecia  which  result  from  each  of 
these  divisions  is  shown  in  each  case  in  the  diagrams.  The  micronuclei  which  degenerate 
are  shown  as  small  clear  circles.  Male  nuclei  are  called  migratory  nuclei;  female  nuclei, 
stationary  nuclei.  Adapted  from  Hegner,  College  ^oology,  The  Macmillan  Company. 
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Recent  investigations  have  shov/n  that  not  every  individual  will  conju¬ 
gate  with  every  other  individual.  Thus  in  one  species,  Paramecium  bursaria, 
three  groups  or  physiological  races  have  been  distinguished  and  may  be 
numbered  I,  II,  and  III.  Individuals  of  group  I  will  not  conjugate  with 
members  of  groups  II  and  III  nor  will  an  individual  of  group  II  conju¬ 
gate  with  one  of  group  III.  Nor  does  conjugation  occur  freely  within  the 
groups.  In  group  I,  for  example,  four  mating  types,  designated  A,  B,  C, 
and  D,  are  distinguished  such  that  individuals  of  type  A  will  not  conju¬ 
gate  with  each  other  but  will  conjugate  with  members  of  type  B,  C,  and 
D,  and  individuals  of  type  B  will  not  conjugate  with  each  other  but  will 
conjugate  with  members  of  types  A,  C,  and  D.  This  condition  does  not 
appear  to  be  one  in  which  sex  is  involved  but  rather  a  condition  in  which 
the  individuals  from  certain  different  groups  or  physiological  races  will 
not  conjugate  while  individuals  mating  from  the  same  group  or  physio¬ 
logical  race  but  of  different  mating  types  will  conjugate. 

Since  we  have  seen  that  conjugation  is  a  sexual  process,  the  question 
as  to  whether  conjugation  is  really  necessary  in  the  life  of  the  Infusoria 
is  one  of  great  interest.  Will  paramecium  go  on  living  and  dividing  by 
fission  indefinitely  if  not  allowed  to  conjugate?  Conjugation  can  be 
prevented  by  isolating  the  individuals  after  each  division.  One  investi¬ 
gator  has  done  this  with  paramecium  for  over  twenty  years.  During  this 
time  there  were  produced  over  twelve  thousand  generations  (that  is, 
fission  occurred  successively  twelve  thousand  times)  without  conjugation. 
Conjugation,  therefore,  do(‘s  not  aj)pear  essential  to  the  continued  life 
of  paramecium.  In  certain  species  and  at  certain  times  a  phenomenon 
called  endomixis  appears  to  take  th(‘  |)lacc  o(  conjugation.  In  this  process 
the  macronucleus  degenerates 
and  the  micronucleus  divides 
giving  rise  to  daughter  nuclei, 
some  of  which  become  macro¬ 
nuclei  and  some  form  miero- 
nuclei,  as  occurs  in  theexcon- 
jugants  subsecjiHMU  to  conju¬ 
gation.  'The  process  takes  |)lac(‘ 
en(ir(‘ly  within  a  single  individ¬ 
ual  and  there  is  no  nuclear 
fusion. 

B.  OTHER  INFUSORIA 

Some  of  t  he  1  nfusori.i,  su(  h  as  I  (nlnr/ld,  a ttac I u'd  to  a(|uatu'  plants 

()!’  other  ()l)j('('ts  by  stalks,  whi('h  may  b('  eitlu'r  contractile  or  noiu'on- 
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tractile.  Some  of  the  attached  forms,  such  as  Carchesium,  form  colonies. 
Other  Infusoria  are  parasitic  either  on  the  surface  of  other  animals,  like 
the  little  disc-shaped  Trichodina  which  creeps  over  Hydra^  or  in  the  inte¬ 
rior  of  animals,  especially  in  the  intestines  of  vertebrates,  like  Balantidium 
coli  which  occurs  in  man,  and  Opalina  which  occurs  in  the  frog  (Fig.  18:1 5). 


4.  THE  CLASS  SPOROZOA 

The  Sporozoa  are  all  parasitic  in  the  bodies  of  other  animals.  The 
name  “Sporozoa”  is  applied  to  them  because  they  usually  produce 
spores.  The  formation  of  spores  is  usually  associated  with  the  transfer  of 
the  parasite  from  host  to  host.  There  are  many  different  kinds  of  Sporozoa 
and  almost  every  phylum  of  the  animal  kingdom  includes  at  least  some 
hosts  of  these  parasites. 

A.  THE  MALARIA  PARASITE 

The  most  famous  of  all  the  Sporozoa  is  the  organism  which  causes 
malarial  fever.  This  organism,  called  Plasmodium^  is  found  in  the  red 
corpuscles  of  the  blood  of  persons  suffering  from  malaria  (Fig.  18:16), 
There  are  three  common  kinds  of  malaria,  which  are  recognized  by  the 
number  of  days  intervening  between  the  recurring  fevers.  Tertian  ma¬ 
laria,  in  which  the  fever  occurs  every  third  day,  is  caused  by  Plasmodium 
vivax.  The  malarial  parasite  occurs  in  the  red  corpuscle  as  a  small  amoe¬ 
boid  trophozoite.  This  increases  in  size  until  it  almost  fills  the  corpuscle. 
There  then  follows  repeated  division  of  the  nucleus  followed  by  a  division 
of  the  cytoplasm  of  the  parasite  to  form  small  cells  called  merozoites. 
These  are  liberated  into  the  plasma  of  the  blood  and  attack  new  red  blood 
corpuscles.  Here  the  merozoites  become  trophozoites,  increase  in  size, 
and  form  a  second  generation  of  merozoites.  The  cycle  from  merozoite  to 
merozoite  takes  48  hours.  Tertian  m.alaria  is  characterized  by  an  attack  of 
fever  every  48  hours.  Examination  of  the  blood  shows  that  the  onset  of  the 
fever  occurs  shortly  after  the  merozoites  are  liberated  into  the  blood.  Pre¬ 
sumably  the  liberation  of  the  merozoites  into  the  blood  is  accompanied 
by  the  liberation  of  some  poison. 

As  the  disease  progresses  and  the  parasites  become  abundant  in  the 
blood,  other  stages  leading  to  sexual  reproduction  are  found.  These  are 
the  male  gametocytes  and  the  female  gametocytes.  The  gametocytes 
do  not  develop  further  in  the  human  host.  Only  when  the  diseased  per¬ 
son  is  bitten  by  a  female  mosquito  of  the  genus  Anopheles  and  the  latter 
sucks  them  into  its  digestive  tract  with  its  meal  of  human  blood,  can  the 
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gametocytes  continue  their  development.  In  the  stomach  of  the  mosquito 
the  female  gametocytes  become  transformed  by  a  process  referred  to  as 
maturation  into  female  gametes  or  ova  and  the  male  gametocytes 
throw  off  numerous  slender  microgametes  or  spermatozoa.  Fertiliz¬ 


ation  occurs  in  the  stomach  of  the  moscpiito.  The  zygote,  called 
an  ookinete,  enters  the  lining  of  the  stomach  of  the  mosquito  and 
forms  an  oocyst  in  the  stomach  wall.  In  this  cyst,  by  repeated  division, 
a  large  number  of  sporoblasts  are  formed.  I^aeh  sjK)roblast,  while  still  in 
the  cyst,  forms  numerous  slender  sporozoites.  The  sporozoites  become 
liberated  into  the  blood  of  (he  moscjuito  and  are  carried  to  the  salivary 
glands.  From  the  salivary  glands  of  the  mosquito,  (he  sj)orozoi(es  are 
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Fig.  18:16  Plasmodium  vivax,  the  cause  of  tertian  malaria.  Diagram  of  a  section  of  a 
mosquito’s  body  (above)  and  of  a  section  of  a  luunan  blood  vessel  (below)  to  show  the  life 
cycle.  The  zygote  formed  by  the  fertilization  of  the  egg  by  a  spermatozoon  becomes  a 
motile  ookinete  which  penetrates  the  wall  of  the  intestine  of  the  mosquito  and  Uicre  be¬ 
comes  an  oocyst.  From  I  legner,  College  \oology,  d'he  Macmillan  Company. 
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injected  into  the  human  host  by  the  mosquito  when  it  bites.  The 
sporozoites  attack  the  red  corpuscles  and  become  trophozoites  ready  to 
cause  the  disease. 

Probably  more  people  have  died  from  malaria  than  from  any  other 
single  human  disease.  The  method  of  prevention  is  now  clear  —  the 
destruction  of  the  mosquito,  Anopheles.  Quinine  kills  the  malarial  parasites 
while  in  the  blood  of  the  patient  and  therefore  is  an  effective  curative 
agent. 

B.  OTHER  SPOROZOA 

A  sporozoan  (Monocystis)  of  a  somewhat  different  type  from  the  ma¬ 
larial  parasite  occurs  rather  frequently  in  the  reproductive  organs  (sem¬ 
inal  vesicles)  of  the  earthworm.  Another  (Gregarina)  occurs  commonly 
in  the  cockroach. 

5.  BIOLOGICAL  PRINCIPLES  AND  PROBLEMS  ILLUSTRATED  IN  THE 
PROTOZOA 

A.  COLONY  FORMATION 

A  colony  is  a  group  of  individuals  of  the  same  species  which  live  to¬ 
gether,  but  nevertheless  carry  on  independently  their  ordinary  metabolic 
functions.  Is  the  volvox  a  colony  of  single-celled  individuals  or  is  it  an  in¬ 
dividual  composed  of  many  cells?  Since  the  vegetative  cells  are  capable 
of  carrying  on  independently  their  own  metabolism  and  are  alike  and 
not  differentiated  to  perform  special  functions  the  volvox  may  be  prop¬ 
erly  considered  a  colonial  organism.  We  shall  later  encounter  numerous 
cases  of  colony  formation  in  multicellular  animals. 

The  volvox  colony  illustrates  a  possible  step  in  the  evolution  of  a 
multicellular  organism.  Indeed,  were  the  vegetative  individuals  of  the 
volvox  colony  not  all  alike  and  some  of  them  were  differentiated  from 
the  others  to  perform  special  functions,  we  would  already  have  a  multi¬ 
cellular  individual  and  not  a  colony.  We  shall  have  to  refer  to  volvox  in 
our  subsequent  study  of  certain  animal  types  and  in  our  discussion  of  the 
evolution  of  animals. 

B.  BODY  CELLS  AND  GERM  CELLS 

We  will  see  later  that  a  sharp  distinction  can  be  made  in  nearly  all 
multicellular  animals  between  the  cells  which  make  up  their  bodies, 
called  somatic  cells,  and  the  cells  which  are  concerned  in  the  reproduc- 
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tion  of  the  species,  called  germ  cells.  The  somatic  cells  die  when  the 
individual  dies,  the  germ  cells  live  on  from  generation  to  generation.  In 
the  differentiation  of  the  cells  of  the  volvox  colony  into  vegetative  cells 
and  reproductive  cells,  we  see  what  may  be  regarded  as  a  step  toward  the 
division  of  the  bodies  of  multicellular  animals  into  somatic  cells  and 
germ  cells. 

C  DEATH  IN  THE  PROTOZOA 

Do  protozoan  individuals  die  of  old  age?  When  an  amoeba,  a  euglena, 
or  a  paramecium  reaches  a  certain  size,  it  simply  divides,  forming  two 
new  individuals.  If  it  dies  it  is  because  of  adverse  conditions  in  its  en¬ 
vironment  (e.g.,  enemies,  lack  of  nourishment,  and  so  on)  or  diseases 
caused  by  parasites.  There  seems  to  be  no  question  of  death  from  old  age. 
Only  when  there  is  a  differentiation  into  vegetative  individuals  and 
reproductive  individuals  as  in  the  volvox  colony  do  we  find  certain 
individuals,  the  vegetative  individuals,  incapable  of  reproducing  or 
continuing  their  existence  beyond  that  of  the  colony,  and  therefore 
doomed  to  a  limited  span  of  life. 

D.  PARASITISM 

We  have  found  that  parasitic  species  occur  in  all  of  the  four  classes  of 
Protozoa  and  that  one  whole  class,  the  Sporozoa,  consists  entirely  of 
parasitic  species.  In  some  cases  the  parasite  is  able  to  pass  through  its 
whole  life  cycle  in  one  host.  In  other  cases,  as  in  the  case  of  the  human 
diseases  African  sleeping  sickness  (trypanosomiasis)  and  malaria,  the 
parasite  requires  for  its  complete  life  cycle  two  hosts.  The  use  of  an 
intermediate  host  such  as  the  tsetse  fly  or  mosquito  makes  possible  a  wide 
and  rapid  spread  of  the  parasite  but  at  the  same  time  offers  a  certain 
means  of  prevention  in  the  destruction  of  this  intermediate  host.  Certain 
parasites,  like  Endnmoeba  coh\  sc'cm  to  be  j^ractically  harmless,  while 
others  resembling  them,  like  Endarrwebn  histolytica,  are  often  fatal.  We  will 
later  encounter  num(‘rous  cases  of  multicellular  {parasites  which  present 
essentially  the  same  |)rol)lcms  as  do  j)rotozoan  parasites. 
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Questions 

1.  Give  the  names  and  characteristics  of  the  four  classes  of  Protozoa.  What 
features  of  the  organisms  arc  taken  as  the  basis  of  the  division  into  classes? 

2.  Of  what  importance  are  the  Foraminifcra  and  Radiolaria  in  the  economy  of 
nature? 

3.  Describe  the  life  history  of  Trypanosoma  gambiense.  What  disease  does  it 
cause?  How  may  the  disease  be  prevented? 

4.  Describe  the  process  of  conjugation  in  Paramecium. 

5.  Why  is  conjugation  to  be  considered  a  sexual  process? 

6.  Is  conjugation  necessary?  What  may  take  its  place? 

7.  Describe  the  life  cycle  of  Plasmodium  vivax.  What  are  the  advantages  to  the 
parasite  in  having  two  hosts?  What  are  the  disadvantages? 

8.  Outline  the  life  history  of  Volvox. 

9.  Discuss  the  question  whether  Volvox  is  a  colonial  organism. 

10.  How  do  somatic  cells  differ  from  germ  cells? 

1 1 .  Does  death  from  old  age  occur  in  the  Protozoa? 

12.  Make  a  list  of  all  the  protozoan  parasites  referred  to  in  this  chapter  for  which 
man  may  be  a  host.  In  what  parts  of  the  world  do  they  occur? 
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CHAPTER  19 


Saclike  Animals  with  Ectoderm 
and  Endoderm  (Phylum  Coelenterata) 


The  term  Metazoa  is  used  to  include  all  animals  other  than  the 
Protozoa,  in  other  words  all  the  animals  in  which  the  individual  consists 
of  more  than  a  single  cell.  The  Metazoa  include  many  phyla,  indeed  all 
those  of  the  animal  kingdom  except  the  Protozoa.  It  will  not  be  possible 
in  this  text  to  consider  in  detail  all  the  phyla.  Those  phyla  have  therefore 
been  selected  for  study  which  illustrate  best  the  more  important  problems 
and  principles  of  biology.  We 
begin  our  study  of  the  Met¬ 
azoa  with  the  phylum  Coc- 
lenterata.  The  characteristics 
of  the  Coelenterata  were  dis¬ 
cussed  in  Chap.  3,  and  an 
animal  belonging  to  the  pliy- 
lum,  the  fresh-water  hydra, 
was  described  in  Chap.  2. 

A  characteristic  feature  of 
the  Coelenterata  which  was 
not  thought  to  be  of  sufheient 
general  interevSt  to  be  included 
in  the  description  of  Hydra ^ 
is  the  possession  of  stinging 
cells,  called  cnidoblasts  (Cr. 
knide^  nettle  T  h/astos,  here  a 
cell).  Ind('ed,  so  conspicuous 
a  feature  is  this  of  the  Coelenterata  that  at  one  time  it  gave  its  name  to 
the  groiij)  which  was  then  called  Cnidaria. 

d’lic  cnidoblasts  occur  in  the  epidermis  and  often  project  somewhat 
from  the  general  surface  of  the  body.  1  hey  arc  usually  most  abundant 
in  the  tentacles.  Kach  cnidoblast  contains  a  small  bladdcrlike  structure 

391 


FiR.  19:1  Hydra,  ncinatocysts.  A,  a  ncmatocyst 
contained  in  its  cnidoblast;  B,  the  same  after 
extrusion  of  the  tlireiid;  C,  a  cnidoblast,  with 
which  a  nerve  cell  is  associated.  Redrawn  after 
Parker,  after  Schneider. 
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called  a  nematocyst  (Gr.  nema^  nematus,  a  thread  kustis,  a  bladder) 
which  contains  a  long,  fine,  coiled  thread  (Fig.  19:1).  Projecting  into 
the  water  from  the  outer  surface  of  each  cnidoblast  is  a  pointed  proto¬ 
plasmic  process  called  a  cnidocil.  When  a  cnidoblast  is  stimulated,  its 
protoplasm  contracts,  squeezing  the  nematocyst  and  forcing  the  coiled 
thread,  which  it  contains,  out  into  the  water.  When  this  happens,  a 
number  of  barbs  appear,  extending  from  the  thread  near  where  it  is 
attached  to  the  nematocyst.  The  stimulation  of  the  cnidoblast  appears 
to  be  partly  a  matter  of  the  presence  of  food  substances  in  solution  in  the 
surrounding  water,  which  seem  to  sensitize  the  cell,  and  mechanical 
stimulation  of  the  cnidocil.  The  ncmatocysts  arc  used  by  hydra  in  catch¬ 
ing  its  prey,  and  to  some  extent  as  a  protection  against  attack  by  other 
animals.  In  some  cases  the  threads,  when  extruded,  twine  around  the 
small  animal  or  plant  and  hamper  its  movement.  In  other  cases  the 
threads  apparently  inject  some  poisonous  substance  which  paralyzes  the 
prey.  The  phylum  Coelcnterata  is  divided  into  three  classes,  the  Hydro- 
zoa,  Scyphozoa,  and  Anthozoa. 

1.  TYPES  OF  HYDROZOA 

Hydra  (Fig.  19:1),  already  described  in  Chap.  2,  is  a  member  of  this 
class.  More  typical  of  the  class  is  Obelia. 

A.  OBELIA  — A  COLONIAL  HYDROID 

Obelia  is  a  colonial  organism  found  in  the  sea  (Fig.  19:2).  It  consists 
of  numerous  individuals  called  polyps,  not  unlike  individuals  of  Hydra. 
Indeed  one  can  form  a  fairly  good  picture  of  the  general  structure  of  an 
obelia  colony  by  imagining  a  hydra  to  which  the  buds  have  remained 
attached.  An  obelia  colony  consists  of  a  stem  from  which  many  short 
branches  arise  and  bear  at  their  tips  the  polyps.  The  cells  of  the  stem  and 
branches  constitute  a  living  connection  between  the  polyps,  called  the 
coenosarc»  The  coenosarc  is  composed  of  epidermis  and  gastrodermis 
which  are  continuous  with  the  epidermis  and  gastrodermis  of  the  polyps 
and  contains  a  gastrovascular  cavity  which  is  continuous  with  the  gastro- 
vascular  cavities  of  the  individual  polyps.  Surrounding  the  stem  ancT 
its  branches  and  forming  cups  into  which  the  polyps  can  retract  is  the 
perisarc,  composed  of  a  substance  secreted  by  the  epidermis. 

The  polyps  of  the  Obelia  colony  are  of  two  kinds.  The  vegetative 
polyps  borne  on  the  ends  of  the  branches  have  numerous  tentacles  in  a 
circle  around  the  mouth.  When  the  polyp  is  expanded  the  mouth  is 
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funnel-shaped.  The  reproductive  polyps,  which  are  borne  in  the  angles 
between  the  branches  and  the  main  stem,  are  without  a  mouth  or  ten¬ 
tacles,  obtaining  their  nourishment,  like  the  coenosarc,  from  the  food 


Fig.  19:2  Ohelia.  A,  colony  l)caring  vcgct.itivc  and  reproductive  individuals;  B,  a 
medusa,  view  of  the  under  or  oral  side.  A  and  B  are  not  ol  the  same  species.  After 
Parker  and  Ilaswell,  from  llegner,  ColIrQr  The  Macmillan  Company. 


taken  in  by  the  vt'gelativc  |)()ly|)s.  Around  llie  vegetative  polyps  the 
perisarc  takes  the  form  of  hydrothccac  ((Jr.  hydra  -h  t/irca,  a  box)  and 
around  the  reproduelive  polyj)S  it  takes  tin*  lorin  ol  gonothecac  ((u*. 
florins ^  re  [ ) rod  u ('  t  i o n ) , 

'I’he  obelia  colony  rej)rodu('es  ast'xually  by  the  budding  ol  the  re|)ro- 
ductive  polyps.  'The  btids  grow  into  small,  In'e-swiiuming  individuals, 
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resembling  jellyfish  and  called  medusae.  The  medusae  are  sexual  indi¬ 
viduals,  some  producing  sperm  and  others  eggs.  The  zygotes  resulting 
from  the  fertilization  of  the  eggs  develop  into  larvae  which  are  at  first 
free-swimming,  but  later  become  attached  and  develop  into  new  colonies. 
In  place  of  describing  a  medusa  of  Obelia^  we  will  describe  a  better 
known  and  more  easily  obtained  medusa,  of  the  genus  Gonionemus. 

B.  GONIONEMUS  — A  HYDROID  MEDUSA 

This  little  medusa  or  jellyfish  is  common  in  shallow'  water  along  the 
eastern  coast  of  the  United  States  (Fig.  19:3).  It  measures  from  1  to  2 

Radial  canal 


Fig.  19:3  Gonionemus^  a  hydrozoan  medusa.  .\,  viewed  from  the  under  side;  B,  viewed 
through  the  upper  side. 

centimeters  in  diameter  when  mature.  The  general  shape  of  the  animal 
is  like  that  of  an  umbrella.  It  is  usually  oriented  in  the  water  with  the 
convex  surface  uppermost.  From  what  corresponds  to  the  rim  of  the 
umbrella  extend  numerous  tentacles.  The  handle  of  the  umbrella  is 
represented  by  a  structure  called  the  manubrium.  At  the  lower  end  of 
the  manubrium  is  the  mouth  opening.  The  upper  convex  surface  is 
called  the  exumbrella,  the  concave  surface  from  which  the  manubrium 
projects,  the  subumbrella. 

It  is  instructive  to  compare  the  general  structure  of  the  medusa  with 
that  of  the  polyp  (Fig.  19:4).  To  do  this,  we  must  imagine  the  polyp 
inverted  and  turned  with  the  hypostome  and  mouth  down.  The  gastro- 
vascular  cavity  of  the  medusa  is  very  much  reduced.  The  central  cavity 
into  which  the  mouth  opens  is  continued  into  four  radial  canals  which 
connect  with  a  circular  canal  running  around  the  outer  rim  to  which 
the  tentacles  are  attached.  The  exumbrellar  and  the  subumbrellar  sur- 
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faces  are  covered  with  epidermis.  The  gastrovascular  cavity  is  lined  with 
gastrodermis.  Between  these  two  layers  is  the  mass  of  mesoglea  or  jelly 
which  gives  to  the  animal  the  name  of  “jellyfish.” 

A  membrane  called  the  velum  formed  of  epidermis  and  including  a 
thin  layer  of  mesoglea  projects  from  the  inner  portion  of  the  rim,  partly 
enclosing  the  subumbrellar  space.  The  nerve  net  is  especially  developed 
in  the  region  of  attachment  of  the  velum,  forming  a  nerve  ring.  Between 
the  bases  of  the  tentacles  are  small  sense  organs  called  statocysts  which 
enable  the  medusa  to  orient  itself  to  the  pull  of  gravity.  The  medusa 
swims  by  taking  water  in  through  the  opening  in  the  velum  and  expel¬ 
ling  it  again  by  a  violent  contraction  of  the  body. 


Fig.  19:4  Diagrams  comparing  the  struclurc  of  a  polyp  (A)  and  a  medusa  (B).  Gastro¬ 
vascular  cavity  is  synonymous  with  coelcntcron.  After  Parker,  from  L.  L.  Woodruff, 
Animal  Biology,  The  Macmillan  Company. 

In  Gonionernus  the  sexes  arc  separate.  The  testes  or  ovaries  appeal'  as 
four  ruffled,  pinkish  lx)dies  arranged  one  on  eaeh  radial  canal.  The  eggs 
and  sperm  are  discharged  directly  into  the  water  and  fertilization  takes 
place  (here. 

Although  most  medusa  are  marine,  of  reeent  years  some  fresh-water 
sf)ecies  have  been  found  (o  oceur  rather  commonly. 


C  PHYSALIA  — A  POLYMORPHIC  HYDROZOAN 

One  of  th('  most  in((‘r('s(ing  and  Ix'autilul  ol  C.oelenterales  is  another 
colonial  form,  the  Portugiu'St'  man-ol-war,  Physaha.  1  he  colonies  ol 
Physalui  float  on  the  surlaet'  ol  th('  ocean  by  mt'ans  ol  a  large  float  with 
a  saillike  en'St.  I'rom  this  (In'  |)olyps  hang  down  suspt'ndi'd  in  tlu' watt'i. 
d  Ih'Sc  colonies  contain  a  number  of  dill('r(‘nt  kinds  of  indix  iduals  .md 
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are  therefore  said  to  be  polymorphic.  Some  of  the  polyps  are  nutritive; 
some  are  protective  and  contain  batteries  of  ncmatocysts;  some  are  for 
locomotion,  lacking  tentacles  and  a  mouth;  some  are  reproductive  and 
produce  medusae;  while  still  others  are  of  unknown  function. 

2.  THE  JELLYFISH,  AURELIA,  A  TYPE  OF  SCYPHOZOA 

One  of  our  commonest  large  jellyfishes,  all  of  which  arc  marine,  is 
Aurelia  (Fig.  19:5).  Apart  from  its  larger  size,  Aurelia  differs  from  Gonio- 
nemus  in  being  without  a  velum,  in  the  position  and  shape  of  its  gonads. 


Ring 

canal 


“Mouth 


Epidermis  / 
Mesogloea 


Lappet 


Gastrodermis 


Enteron 


Gastric  filament 
Gonad 


Interradial 

canal 


Tentacles 


Fig.  19:5  Aurelia,  aiarge  scyphozoan  jellyfish.  In  the  diagram  one  quarter  of  the  body 
has  been  cut  away  to  show  the  internal  structure.  From  Storer,  General  Z’^ology,  McGraw- 
Hill  Book  Company,  Inc. 


the  arrangement  and  structure  of  its  sen.se  organs,  and  in  having  a  more 
complicated  canal  system.  In  general  shape  and  appearance,  Aurelia  is 
not  unlike  Gonionemus.  While,  however,  Gonionemus  rarely  exceeds  2  cen¬ 
timeters  or  4/5  inch  in  diameter,  Aurelia  often  reaches  a  diameter  of 
30  centimeters  (1  foot)  or  more. 

As  in  Gonionemus  there  are  exumbrellar  and  subumbrellar  surfaces, 
and  extending  from  the  latter  a  manubrium  at  the  free  end  of  which  is 
the  mouth.  In  the  region  of  the  mouth  the  manubrium  is  expanded  in 
its  lower  portion  into  four  oral  arms  which  extend  out  from  the  four 
corners  of  the  square-shaped  mouth.  The  outer  epidermis  extends  in¬ 
ward  from  the  mouth  forming  a  short  gullet.  This  leads  to  an  enteron 
lined  with  gastrodermis  from  each  of  the  sides  of  which  a  gastric  pouch 
extends  laterally.  From  the  gastric  pouches  lead  numerous  radial  canals 
which  branch  repeatedly  and  join  with  a  ring  canal.  In  the  gastric 
pouches  are  gastric  filaments  bearing  nematocysts.  The  sense  organs  of 


Art  3  A  SEA  ANEMONE 


397 


Aurelia  are  somewhat  more  highly  developed  than  those  of  Gonionemus. 
Eight  notches  spaced  at  equal  distances  in  the  margin  of  the  umbrella 
lodge  these  sense  organs,  each  consisting  of  a  statocyst  and  an  eyespot. 
Bordering  the  notches  are  small  projections  known  as  lappets. 

The  gonads  are  developed  in  the  walls  of  the  gastric  pouches.  When 
ripe  the  eggs  or  sperm  are  discharged  into  the  gastric  pouches  and  from 


Fig.  19:6  The  life  cycle  of  a  scyphozoan  ineclusa,  .\ufelia.  .A,  R,  C,  longitudinal  sections 
through  early  stages  in  tin*  clevelojnnrnt  of  tlv  /,ygot<';  I),  I'^,  F,  the  formation  of  young 
medusae  by  strobilization ;  CJ,  11,  young  medusae:  I,  vertical  section  through  an  adult 
medusa.  From  Ilegner,  College  ^oology,  I  he  Macmillan  Clompany. 


there  i)ass  through  tlie  stomach  and  gullet  to  the  outside.  The  lertilized 
eggs  develop  into  hydralike  individuals  which  rej^roduce  by  budding. 
Eater,  medusae  are  formed  by  a  jx'culiar  |)roeess  ealh'd  strobilization 
in  which  a  hydralike  individual  dividt'S  (ransvt'rsely  beginning  at  the 
oral  end  and  forms  a  succession  of  saiu  er-shaped  bodies,  each  ol  which 
develops  into  a  medusa  (I'ig.  19:6). 


3.  A  SEA  ANEMONE,  A  TYPE  OF  THE  ANTHOZOA 

T  he  sea  anemont's  are  eommon  on  all  coasts  attached  to  rocks  and 
wharves  and  in  tide  pools  (lug.  I‘h7).  In  sh.ijH'  an  antanone  is  not 
unlike  a  hydra.  Many  s|)e(a(‘s  ai'c,  ho\V('\'('r,  mutTi  l.irgt'r,  rt'.uTiing  a 
diameter  ol  IVom  3  to  t)  e(Mit imeters.  The  tentatTes  ar('  usually  \'er\ 
nil merous  a nd  an*  arrangei  1  i n  a  number  ( >1  eirt'h's.  I  h('  ('| )id('rmis  is  turned 
in  at  (h<*  mouth  lormine,  a  gullet  as  in  Aurt'lui.  I  wo  (Tli.itt'd  groo\('S 


398 


SACLIKE  ANIMALS  Ch.  19 


or  siphonoglyphs  extend  down  the  gullet  and  serve  to  carry  food  into 
the  gastrovascular  cavity.  Extending  from  the  gullet  in  the  gastrovascular 
cavity  to  the  body  wall  are  numerous  membranous  mesenteries,  radially 

arranged.  Below  the  gullet 
the  edges  of  the  mesen¬ 
teries  carry  fine  threadlike 
acontia  which  contain 
nematocysts.  The  acontia 
may  be  thrust  out  through 
minute  pores  in  the  body 
wall. 

The  sexes  are  separate 
and  the  gonads  are  de¬ 
veloped  in  the  mesen¬ 
teries.  The  ripe  eggs  or 
sperm  are  shed  into  the 
gastrovascular  cavity  and 
pass  out  by  the  mouth.  The  fertilized  egg  develops  into  a  small,  ciliated, 
pear-shaped  planula,  which  after  swimming  about  for  a  short  time 
becomes  attached  and  develops  into  a  polyp 
such  as  that  already  described. 

Corals  are  similar  in  structure  to  sea 
anemones  and  differ  from  them  chiefly  in 
forming  skeletons  and  colonies.  They  arc 
in  part  responsible  for  the  Great  Barrier 
Reef  of  Australia  and  for  the  coral  islands 
and  atolls  of  the  tropical  and  semitropical 
parts  of  the  Pacific  and  Atlantic  oceans. 

Corals  occur  abundantly  as  fossils  and  there 
is  a  long  record  in  the  rocks  of  their  occur¬ 
rence  in  the  sea.  The  red  or  pink  coral 
(Fig.  19:8)  used  for  necklaces  and  other 
ornaments  is  obtained  by  dredging  in  the 
southern  Mediterranean  and  off  the  Cape 
Verde  Islands.  Cheaper  varieties  are  ob¬ 
tained  from  Japan  and  Australia.  Coral 
varies  greatly  in  value,  depending  especially 
on  the  color.  The  finest  shades  may  sell  for  as  much  as  S600  per 
ounce,  while  little  pieces  of  inferior  quality  may  bring  only  SI. 00  an 
ounce.  Corals  are  of  indirect  economic  value  in  forming  coral  reefs  and 
islands. 


Fig.  19:8  A  branch  of  a  pre¬ 
cious  coral  (Corallium  rubrum). 
P,  a  living  polyp  expanded. 
From  Sedgwick,  A  Textbook  of 
Zoology,  Swan  Sonnenshein  & 
Co.  Ltd. 


Tentacle.  Gullet  Siphonoglyphe 


Cut  edge 
of  gullet 

Cut  edge  of 
body  wall 

Cut  edge  of 
mesentery 


Pore  in  body  wall 


Ostia 


Gonad 


Muscles  of 
mesentery 


Mesenteric  filament  on 
free  edge  of  mesentery 

Fig.  19:7  A  dissection  of  a  sea  anemone  {Taelia 
crassicornis).  Redrawn  after  Parker  and  Haswell. 
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4.  BIOLOGICAL  PRINCIPLES  AND  PROBLEMS  ILLUSTRATED  IN 
THE  COELENTERATA 

A.  THE  SACLIKE  TYPE  OF  STRUCTURE 

The  coelenterate  individual  consists  of  a  sac  in  which  a  cavity,  the 
^astrovascular  cavity,  is  enclosed  by  two  layers  of  cells,  the  epidermis 
which  is  on  the  outside  and  the  gastrodermis  which  lines  the  cavity.  This 
saclike  type  of  structure  seems  to  be  a  fundamental  one  in  the  animal 
kingdom.  Most  animals  which  show  a  more  complicated  structure  than 
the  Coelenterata  go  through  a  stage  in  their  early  development,  called 
the  gastrula,  which  resembles  Hydra  in  being  saclike  and  in  containing 
a  cavity,  called  in  this  case  the  archenteron,  surrounded  by  two  layers 
af  cells,  called  in  this  case  the  ectoderm  and  endoderm. 

The  outer  or  epidermal  layer  of  the  coelenterates  is  clearly  seen  to  be 
protective  and  to  form  that  part  of  the  animal  which  is  most  intimately 
in  contact  with  the  outside  world.  The  inner  layer,  or  gastrodermis,  is 
chiefly  concerned  with  digestion  and  absorption  of  food.  This  division 
af  labor  between  the  epidermis  and  gastrodermis  occurs  also  in  the 
animals  more  highly  organized  than  Hydra  in  that  those  parts  of  their 
bodies  which  are  protective  and  concerned  with  the  maintenance  of 
the  animal’s  contact  with  the  external  world  (e.g.,  nervous  system)  are 
developed  from  the  ectoderm,  while  those  structures  which  arc  concerned 
with  the  digestion  and  absorption  of  food  (e.g.,  lining  of  the  digestive 
system)  arc  developed  from  the  endoderm.  Organisms  in  which  the 
only  cell  layers  present  are  developed  from  ectoderm  and  endoderm 
are  said  to  be  diploblastic  (Gr.  diploos^  double  +  blastos,  a  sprout,  in 
combinations  usually  an  embryonic  tissue  or  layer).  Coelenterates  are 
diploblastic  animals. 

Thus  Hydra  and  the  Coelenterata  in  general  arc  interesting,  not  only 
because  they  are  animals  built  on  what  is  perhaps  the  simplest  multicel¬ 
lular  plan  found  in  (he  animal  kingdom,  but  also  because  they  closely 
resemble,  in  (heir  adult  condidon,  a  fundamental  stage  in  the  develop¬ 
ment  of  most  animals  of  more  complicated  structure. 

B.  DIFFERENTIATION 

With  (h(‘  developuH'nt  of  a  multicellular  body  and  the  arrangement 
of  the  c(!lls  in  two  layers  dillering  in  (he  rok'  which  (hey  play  in  the 
eeotiomy  of  tlu'  animal,  comes  also  cell  dillerentiation.  I  he  epidermis  ol 
hydra  contains  cnidoblasts,  epi(l<'rnial  cells,  nerve  cells,  and  interstitial 
cells  differing  markedly  in  structure  and  the  part  they  take  in  the  lile  ol 
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the  animal,  although  all  are  more  or  less  concerned  in  its  relations  with 
its  environment.  The  gastrodermis,  on  the  other  hand,  contains  gland 
cells,  absorbing  cells,  nerve  cells,  and  interstitial  cells,  which  also  differ 
among  themselves  although  concerned  in  general  with  the  work  of  digest¬ 
ing,  'ingesting,  and  distributing  food.  Certain  parts  of  the  body  are 
differentiated  to  form  organs  with  special  functions.  Thus  the  tentacles 
are  sense  organs,  and  organs  for  food  getting  and  protection.  The  ova¬ 
ries  and  testes  are  reproductive  organs. 

C  ALTERNATION  OF  GENERATIONS 

The  Coelenterata  provide  some  of  the  best  c.xamplcs  in  the  animal 
kingdom  of  an  alternation  of  generations.  As  already  explained  in  the 
case  of  plants,  by  an  alternation  of  generations  is  meant  the  alternation 
of  a  generation  which  reproduces  only  ascxually  with  the  one  which 
reproduces  sexually.  In  the  coclentcratcs,  where  there  is  an  alternation 
of  generations,  the  medusa  stage  represents  the  sexual  stage  while  the 
polyp  stage  represents  the  asexual  generation.  In  Hydra  there  is  no  alter¬ 
nation  of  generations,  both  sexual  and  asexual  reproduction  occurring 
in  the  polyp  stage.  In  Obelia^  on  the  other  hand,  there  is  a  typical  alter¬ 
nation  of  generations,  the  colony  representing  the  asexual  generation  and 
the  medusa  the  sexual  generation.  In  some  species  of  Hydrozoa,  the 
polyp  stage  is  absent,  the  medusa  stage  giving  rise  directly  to  medusae. 
In  Physalia,  an  alternation  of  generations  can  be  identified  but  the  sexual 
(medusa)  stage  is  small  and  of  short  duration.  Just  the  reverse  is  true  in 
the  ca§e  of  Aurelia  where  the  large  and  conspicuous  stage  is  the  medusa 
(sexual)  and  the  asexual  stage  (strobila)  is  reduced.  In  the  sea  anemones 
and  in  the  corals  there  is  no  medusa  stage  and  no  alternation  of  genera¬ 
tions. 

There  is  a  fundamental  difference  between  the  alternation  of  genera¬ 
tions  which  occurs  in  plants  and  that  which  occurs  in  coelenterates.  This 
has  led  to  the  use  of  the  term  metagenesis  (Gr.  meta^  after  +  genesis, 
generation)  in  the  case  of  the  life  cycle  of  the  coelenterates.  In  plants, 
as  already  described,  the  sporophyte  stage  or  generation  which  repro¬ 
duces  asexually  has  cells  with  diploid  nuclei,  while  the  gametophyte 
generation  which  forms  gametes  and  reproduces  sexually  has  haploid 
nuclei,  the  reduction  from  the  diploid  to  the  haploid  number  of  chro¬ 
mosomes  occurring  during  spore  formation  or  just  previous  to  the  asexual 
reproduction.  In  coelenterates,  on  the  other  hand,  when  an  alternation 
of  generations  occurs  the  individuals  of  both  generations  have  the  diploid 
number  of  chromosomes  and  reduction  occurs  during  the  formation  of 
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the  gametes  in  the  sexually  reproducing  individual,  that  is,  the  medusa 
or  jellyfish.  Nevertheless,  the  alternation  of  generations  has  the  same 
effect  in  each  case:  asexual  reproduction  leads  to  a  wider  distribution 
of  the  species  through  the  formation  of  spores  which  are  scattered  by 
the  wind  in  one  case  and  in  the  other  through  the  formation  of  medusae 
or  jellyfish  which  are  carried  about  by  water  currents;  while  sexual 
reproduction  leads  in  each  case  to  the  production  of  new  individuals 
through  the  fusion  of  gametes. 

D.  COLONY  FORMATION 

Colonies  of  individuals  are  commonly  formed  in  the  Hydrozoa  and 
the  Anthozoa.  These  colonies  are  formed  by  repeated  budding  or  fission 
from  a  single  original  individual.  This  type  of  colony  differs  in  many 
respects  from  the  colonies  of  insects,  which  are  more  properly  referred 
to  as  societies,  and  which  are  discussed  in  Chap.  24.  In  a  colony  there 
is  usually  a  division  of  labor  among  the  individuals.  This  is  generally 
accompanied  by  a  structural  differentiation  of  the  individuals,  so  that 
some  are  specially  adapted  to  perform  one  or  more  functions  for  the 
colony,  while  others  perform  other  functions.  This  differentiation  into 
individuals  of  different  types  is  called  polymorphism.  It  is  well  illus¬ 
trated  in  Physalia. 

E.  SYMBIOSIS 

Hydra  is  not  the  only  coelenterate  which  harbors  symbiotic  algae  in 
its  endoderm.  Many  of  the  Anthozoa  also  do  so.  An  interesting  case  of  a 
different  kind  of  symbiosis  called  by  the  s})ecial  name  of  commensalism 
(L.  com,  together  -j-  mensa,  table),  literally,  eating  at  the  same  table,  is 
that  of  a  sea  anemone  which  mak(‘s  its  home  on  the  shell  of  a  hermit 
crab  enjoying  the  titbits  which  esca|)e  from  its  claws  and  at  the  same 
time  camouflaging  the  crab’s  slu'll. 

Topical  Outline  of  Chapter  19 

1.  'Types  of  Hydi'ozo.i 
A.  Ohelin  A  rolonial  hydroid 
l».  ( ioniounuus  -  A  hydroid  inedus.i 
(f  rhysnli<t  ~  A  polymorphic  hydro?, oan 

2.  The  jellyhsh,  Auir/ia,  a  type  of  the  Scyphozoa 

3.  A  se.i  anemone,  a  tyjx'  of  the  Andiozoa 
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4.  Biological  principles  and  problems  illustrated  in  the 
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Questions 

1.  Compare  the  ectoderm  and  endoderm  as  regards  their  role  in  the  animal’s 
economy  and  cellular  elements. 

2.  Describe  the  mechanism  of  the  discharge  of  a  nematocyst. 

3.  How  does  the  coenosarc  of  Obelia  receive  its  nourishment? 

4.  Briefly  outline  the  life  cycle  of  Obelia. 

5.  Compare  a  polyp  of  Hydra  or  of  Obelia  with  the  medusa  of  Gonionemus. 

6.  Discuss  polymorphism  in  Physalia. 

7.  Compare  the  medusae  of  Aurelia  and  Gonionemus. 

8.  Briefly  outline  the  life  cycle  of  Aurelia. 

9.  Compare  a  sea  anemone  with  a  hydra. 

10.  Briefly  outline  the  life  cycle  of  sea  anemone. 

11.  Discuss  the  classification  of  the  Coelenterata. 

12.  Explain  clearly  what  is  meant  by  saying  that  the  coclenterates  hav'e  a  sac- 
like  structure.  Define  diploblastic. 

13.  Compare  the  alternation  of  generations  as  found  in  the  fern  and  in  Obelia. 

14.  Compare  budding  and  fission. 

15.  To  what  do  coral  islands  owe  their  existence? 

Suggestions  for  Further  Reading 

Hegner,  Robert  W.,  Invertebrate  Zoology,  The  Macmillan  Company,  New  York, 
1933,  Chap.  III. 

Buchsbaum,  Ralph,  Animals  without  Backbones^  An  Introduction  to  the  Invertebrates 
The  University  of  Chicago  Press,  Chicago,  1938,  Chaps.  7  and  8. 


CHAPTER  20 


Flatworms  —  Ectoderm^  Endoderm, 
and  Mesoderm^  Bilateral  Symmetry 
(Phylum  Platyhelminthes) 


In  this  chapter  we  will  consider  a  phylum  of  animals  which  have 
evolved  a  plan  of  body  structure  more  complex  than  the  simple  plan  of 
the  coelenterates  and  which  show  certain  steps  in  the  evolution  of  the 
higher  animals.  These  steps  consist  of  the  development  of  (1)  a  cellular 
tissue  between  the  ectoderm  and  endoderm  so  that  the  body  of  the  animal 
consists  of  three  layers,  and  (2)  bilateral  symmetry.  To  the  three-layered 
condition  the  term  triploblastic  (Gr.  triploos^  triple  -|-  blastos,  a  sprout, 
here  an  embryonic  layer)  is  applied.  In  this  chapter  types  illustrating 
each  of  the  three  classes,  Turbullaria,  Trematoda,  and  Cestoda,  will  be 
described.  The  fourth  class  of  the  phylum,  Ncmatoda,  will  not  be  dis¬ 
cussed  in  this  text. 

1.  A  PLANARIAN 

Planarians  are  small,  elongated,  flat,  leaflike  creatures  which  are 
found  in  fresh-water  ponds  clinging  to  or  gliding  over  the  underside  of 
leaves  (Fig.  20:1).  Kuplanaria  maculata,  the  commonest  fresh-water  pla- 


Fi^.  20: 1  Vlannrin^  a  fresh-water  ll.ilvvonn,  witli  its  j)rolx)sis  protruded.  From  Storcr, 
College  ^onlofiy^  McGraw-IIill  Book  Company,  luc. 

narian,  reaches  a  length  of  15  millimeters.  One  end,  the  broader,  is  kept 
in  advatiee  as  the  animal  moves  through  tlu'  water  and  is  called  the 
anterior  (mkI.  'Flu'  oppositt*  end,  called  tlu'  posterior,  is  pointed.  1  he 
upptT,  or  dorsal  surface,  is  s|)otted  with  black;  the  lower,  or  ventral 
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surface,  is  white.  A  planarian  is  bilaterally  symmetrical,  that  is,  its 
organs  and  parts  are  arranged  symmetrically  on  either  side  of  the  median 
plane  which  in  this  case  extends  from  anterior  to  posterior  and  from 
dorsal  to  ventral  along  the  median  line.  Most  animals  capable  of  active 
progressive  movement  are  bilaterally  symmetrical.  Two  eyespots  appear 
on  the  dorsal  surface  of  the  head.  The  mouth  opening  is  on  the  ventral 
side  posterior  to  the  middle  of  the  animal.  Posterior  to  the  mouth  is  the 
small  genital  opening.  The  surface  of  the  body  is  covered  with  cilia. 
The  animal  moves  through  the  water  by  the  coordinated  beating  of 
these  cilia  aided  by  an  undulatory  movement  of  the  body 


Yolk  glands 


Nerve  cord 

Nerve 


Commissure 


Oviduct 


brain 


Seminal  receptacle 
Vagina 

Genital  pore 


Part  of 
excretory  system 


Atrium 

Penis 

Seminal  vesicle 
Vas  deferens 


Digestive  Pharynx 
tract  Mouth 

Fig.  20:2  Planaria.  A  general  diagram  to  show  the  internal  structure.  Organs  shown 
on  the  left  are  omitted  on  the  right  and  vice  versa.  I’he  gastrovascular  cavity  is  here 
labeled  digestive  tract.  From  Storer,  General  ^oology,  McGraw-Hill  Book  Company,  Inc. 


The  mouth  opens  into  a  muscular  pharynx  which  lies  in  a  sheath 
extending  anteriorly  from  the  mouth.  When  irritated  or  in  search  of 
food,  the  planarian  is  able  to  protrude  its  pharynx  from  the  ventral  side 
of  its  body.  The  pharynx  leads  into  the  gastrovascular  cavity.  Immedi¬ 
ately  beyond  its  beginning,  at  the  pharynx,  this  cavity  divides  into 
three  main  branches,  one  which  extends  anteriorly  into  the  head  giving 
off  many  branches,  and  two  which  extend  posteriorly  on  either  side  of 
the  pharynx  to  the  extreme  posterior  end  and  which  also  on  their  way 
give  off  numerous  branches  (Fig.  20:2).  Branches  of  this  cavity  thus 
extend  to  all  parts  of  the  body  and  distribute  food  material  throughout 
their  extent.  These  branches  end  blindly.  There  is  no  anus.  The  feces 
are  passed  out  through  the  mouth.  Digestive  juices  are  poured  into  the 
gastrovascular  cavity  from  cells  in  its  walls.  The  digested  food  is  absorbed 
by  cells  lining  the  gastrovascular  cavity.  Certain  of  these  cells  are  also 
able,  by  means  of  pseudopodia,  to  ingest  solid  food. 

The  excretory  system,  like  the  digestive  system,  consists  of  a  number 
of  branching  tubes  extending  to  all  parts  of  the  body.  From  two  small 
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pores  opening  anteriorly  on  the  dorsal  surface,  two  longitudinal  tubes 
extend  down  each  side  of  the  body.  These  give  off  numerous  fine  ramify¬ 
ing  branches,  each  ending  in  the  interior  of  a  large  flame  cell  (Fig.  20:3). 
The  cavity  of  each  flame  cell  contains  a  bunch  of  flagella  which  in  life 
are  in  active  movement.  The  actual  excretion  seems  to  take  the  form  of 
secretion  of  waste  products  through  the  wall  of  the  tube.  The  function 
of  the  flame  cells  appears  to  be  to  stir  the  liquid  in  the  tube  and  prevent 
it  from  becoming  too  concentrated  at  the  inner  ends. 

Respiration  is  carried  on  through  the  surface  of  the  body. 

The  nervous  system  consists  of  two  masses  of  nerve  cells  at  the  anterior 
end  of  the  body  from  which  two  nerve  cords  extend  posteriorly,  one  on 


Fig.  20:3  Planaria.  Part  of  the  excretory  system  and  one  flame  cell,  both  enlarged.  After 
Lankester  from  Storer,  General  ^oology^  McGraw-Hill  Book  Company,  Inc. 

either  side,  and  give  off  branches  to  various  parts  of  the  body.  A  group  ol 
nerve  cell  bodies  is  called  a  ganglion.  In  the  planarian  the  two  groups 
of  nerve  cell  bodies  or  ganglia  arc  so  clo.sely  associated  that  they  arc  said 
to  form  a  double  ganglion  which  is  called  a  cerebral  ganglion  or 
brain. 

The  reproductive  organs  and  the  process  of  sexual  reproduction  of 
planarians,  and  of  the  flatworms  in  general,  arc  complicated  and  will 
not  be  described  in  this  text. 

Asexual  reproduction  by  transverse  fission  is  common  among  planar¬ 
ians,  the  division  to  form  I  he  new  individual  usually  occurring  posterior 
to  the  pharynx.  Planarians  can  be  made  (o  show  in  a  veiy  remarkable 
way  the  phenomenon  of  regeneration  whieh,  in  various  degrees,  is  rather 
widespread  among  organisms.  11  an  individual  is  cut  in  two  tran.sversely, 
both  the  anterior  and  llu*  j)os(erior  portions  will  grow  into  a  complete 
animal.  Iwen  small  pieces  of  a  planarian  may  regenerate  to  form  com¬ 
plete  individuals. 

Certain  cells  in  the  int(‘rior  of  the  body  of  the  planarian  are  developed 
into  muscle  fibers.  Souk'  of  these*  run  in  a  circular  layer  just  l)eneath 
the  surface  of  the  body.  Others  run  longitudinally.  'Fhere  is  no  skeleton. 

As  already  noted,  the  liner  braiu'lu'S  ol  the*  digestive  tract  carry  lood 
to  all  parts  of  the  body  and  the  exc're'tory  syste'in  is  also  distributed 


406 


FLATWORMS  Ch.  20 


throughout  the  organism.  The  need  for  a  circulatory  system,  therefore, 
does  not  seem  to  exist.  None  is  present,  nor  is  there  a  body  cavity.  The 
spaces  between  the  various  organs  are  occupied  by  irregular  cells  to 
which  the  term  parenchyma  is  applied. 


2.  LIVER  FLUKES 


A.  THE  L/VER  FLUKE  OF  SHEEP,  FASCIOLA  HEPATICA 

In  general  shape  and  in  many  details  of  structure,  the  liver  fluke 
closely  resembles  the  planarian  (Fig.  20:4).  Its  mode  of  life  is,  however. 
Nervous  system  different.  Fascio/a  hepatica  in 

Pharynx 
'Ventral  sucker 


Mouth 


Digestive  system 


Excretory  tubes 
(black) 


its  adult  stage  lives  as  a  parasite 
in  the  bile  ducts  of  the  liver  of 
sheep,  cows,  pigs,  and  very  rarely 
in  man. 

The  mouth  is  at  the  extreme 
anterior  end  and  is  surrounded  by 
a  muscular  disc  forming  the  an¬ 
terior  sucker.  A  ventral  sucker, 
not  communicating  with  the  di¬ 
gestive  system,  is  situated  a  short 
distance  posterior  to  the  anterior 
sucker.  The  genital  opening  lies 
midway  between  the  anterior  and 
ventral  suckers.  The  excretory 
pore  is  at  the  extreme  posterior 
end  of  the  body. 

The  digestive  system,  like  that  of 
the  planarian,  consists  of  branches 
ramifying  to  all  parts  of  the  body. 
The  excretory  and  the  nervous 
systems  are  also  very  similar  to 
those  of  Euplanaria. 

The  liver  fluke  is  hermaphro¬ 
ditic.  The  reproductive  organs 
are  very  complicated  and,  in  a 
sexually  mature  animal,  occupy 
a  considerable  portion  of  its  total  volume  (Fig  20:5).  Fertilization  is  in¬ 
ternal  and  usually  the  eggs  and  sperm  come  from  different  individuals. 
As  many  as  five  hundred  thousand  eggs  may  be  produced  by  a  single 
liver  fluke. 


:xcretory  pore 

Fig.  20:4  Diagram  of  the  digestive  and 
excretory  systems  of  the  liver  fluke,  Fasciola 
hepatica.  After  Shipley  and  MacBride,  ZooU 
ogy,  Cambridge  University  Press. 
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Considerable  interest  attaches  to  the  very  complicated  life  history  of 
the  liver  fluke.  The  eggs  which  have  already  started  on  a  series  of  cell 
divisions  before  leaving  the  body  of  the  parent  pass  out  into  the  bile  duct 
of  the  sheep  and  through  its  intestine  to  the  outside  world  (Fig.  20:6  B). 
Only  those  eggs  which  reach  fairly  warm  water  continue  to  develop  and 
become  ciliated  larvae  (Fig.  20:6  D).  These  ciliated  larvae  which 


Fig.  20:5  Fasciola  hepalica.  Diagram  of  tlu*  anterior  part  of  the  body  showing  the  repro¬ 
ductive  organs.  I’roin  Hegner,  College  ^oology^  I'he  Macmillan  Company. 


[)osscss  among  other  organs,  a  double  eyespol,  swim  about  in  the  water 
in  scarcli  of  a  particular  s|)ecics  of  fresh-water  snail.  II  they  do  not  find 
it  within  8  hours  they  die.  If  tlu*  ciliated  larva  reaches  a  snail  it  burrows 
into  its  body  and  there  changes  into  a  saelike  sporocyst  (fig.  20:6  F)  in 
which  larvae  of  a  .st'cond  kind  (  allt'cl  rediae  (f  ig.  20:6  G,  11)  are  pro¬ 
duced.  I'he  rt'diae  bn'ak  through  the  wall  ol  the  sporocyst  and  bore  into 
the  tissues  of  the  snail  whert'  they  then,  in  turn,  give  rise  to  further 
generations  of  rediae.  These  rediae  ('vcaitually  in  turn  prodiua'  a  third 
kind  of  larvae  called  ccrcariac  (I’ig.  20:6  1).  'Vhc  ('ercariac'  leave  the 
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snail  and  after  swimming  about  in  the  water  encyst  on  leaves  or  on  blades 
of  grass  (Fig.  20:6  K).  If  one  of  these  leaves  or  blades  of  grass  is  eaten  by 
a  sheep  and  the  cyst  taken  into  its  intestine,  the  cercariae  emerge  and 
find  their  way  up  the  bile  duct  to  the  gall  bladder  where  they  develop 
directly  into  liver  flukes.  The  method  by  which  the  various  generations 
of  rediae  and  cercariae  are  produced  is  called  parthenogenesis  (Gr. 


Young  fluke  in 

liver  of  sheep  Adult  fluke  in 


Fig.  20:6  The  life  history  of  the  liver  fluke,  Fasciola  hepatica.  After  A.  C.  Chandler, 
Introduction  to  Human  Parasitology,  by  permission  of  John  Wiley  &  Sons,  Inc. 


parthenos,  a  virgin  +  genesis,  generation).  The  new  individuals  arise 
from  special  cells  resembling  ova  but  there  is  no  union  with  a  sperm  cell 
to  produce  a  zygote. 

B.  THE  ORIENTAL  LIVER  FLUKE,  CLONORCHIS  SINENSIS 

The  most  important  liver  fluke  from  the  standpoint  of  human  disease 
is  the  oriental  liver  fluke,  Clonorchis  sinensis.  This  fluke  is  widely  distributed 
in  the  Far  East  where  it  is  a  common  parasite  of  dogs,  cats,  pigs,  as  well 
as  man.  Man  becomes  infected  from  eating  uncooked  fish.  The  adult 
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fluke  which  occurs  in  the  hepatic  ducts  reaches  a  length  of  25  millimeters 
or  1  inch.  The  arrangement  of  the  internal  organs  is  somewhat  similar 
to  that  of  Fasciola  hepatica.  However,  the  gastrovascular  cavity  is  not 


Fig.  20:7  Clnnnrchis  sinensis^  (he  oriental  liver  fluke  of  man.  I  he  branches  of  the  gas- 
Irovascnlar  cavity  are  here  l.ibeled  intestinal  crura.  I'roni  1  legner,  Co/lrgr  ^oology\  I  he 
Macmillan  Clompany. 

divided  up  into  small  hraiu'lu'S  as  in  luisciola,  and  there  is  a  single  median 
exerelory  canal  (I’ig.  20:7). 

Tlu'  life  cycle  invoivt's  two  intt'rnu'dialt'  hosts.  I  he  minute  ('ggs  which 
j)ass  out  of  the  int(‘Stiiu‘  t)l  the  lu^st  do  not  hatch  unless  they  are  eaten  by 
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a  small  pond  snail.  In  the  snail,  the  larvae,  which  hatch  from  the 
eggs,  develop  into  sporocysts,  which  produce  rediae,  which,  in  turn, 
produce  cercariae.  These  cercariae  attack  fresh-water  fishes  of  the  carp 
family,  penetrating  through  the  skin  between  the  scales  and  entering  the 
soft  parts  of  the  body.  There  they  become  encysted.  When  the  fish  is 
eaten  by  the  mammalian  host  the  young  flukes  are  liberated  in  the  intes¬ 
tine  and  find  their  way  through  the  bile  duct  into  the  liver  where  they 
grow  to  maturity. 

3.  OTHER  FLUKES 

The  blood  fluke.  Schistosoma  haematobium^  is  an  important  human  para¬ 
site  living  in  the  blood.  It  is  common  in  Africa  and  Madagascar,  and 
occurs  in  southwestern  Asia,  southern  Europe,  and  Australia.  Egypt 
seems  to  be  especially  concerned,  70  to  80  per  cent  of  the  population 
being  infected.  According  to  one  authority  it  “is  accountable  more  than 
anything  else  for  the  indolence  of  spirit,  want  of  character,  and  back¬ 
ward  condition  of  the  Egyptian  peasant.”  ^  The  intermediate  hosts  are 
snails  which  inhabit  rivers  and  ponds.  Infection  is  through  drinking 
water.  A  specific  treatment  has  been  discovered  in  the  drug,  tartar 
emetic,  which  when  injected  into  the  blood  stream  kills  the  parasite. 

In  many  parts  of  the  Far  East,  including  Korea,  Japan,  Formosa 
(where  40  to  50  per  cent  of  the  population  are  infected),  Indo-China, 
Siam,  Philippines,  Malaya  and  parts  of  India,  and  also  in  New  Guinea, 
Peru,  Venezuela,  Yucatan,  and  in  parts  of  the  United  States  a  serious 
disease  of  man  and  animals  is  caused  by  lung  flukes  of  the  genus 
Paragonimus.  The  life  cycle  of  these  parasites  includes  two  intermediate 
hosts,  occupied  in  succession;  the  ciliated  larvae  infect  snails  where  the 
development  proceeds  to  the  cercaria  stage.  The  cercariae  attack  fresh¬ 
water  crabs,  or  in  the  United  States,  where  no  fresh- water  crabs  are 
known  to  occur,  crayfish.  Infection  usually  comes  from  eating  uncooked, 
infected  crabs  or  crayfish. 

4.  A  TAPEWORM,  TAENIA  SOLIUIA 

Taenia  solium  is  the  pork  tapeworm.  Its  immature  stages  occur  in  the 
pig,  especially  in  the  muscles  of  the  tongue,  neck,  heart,  shoulder,  and 
hams.  The  sexually  mature  stage  occurs  in  the  intestine  of  man.  Infec¬ 
tion  is  caused  by  the  eating  of  insufficiently  cooked  pork.  Man  is  the 
only  animal  known  to  serve  as  the  final  host.  It  is  fairly  common  in  cer- 

*  Christopherson,  quoted  by  Chandler  in  Introduction  to  Human  Parasitology. 
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tain  localities  in  Europe  but  is  rare  in  most  parts  of  the  United  States 
and  in  countries  where  there  is  a  religious  ban  on  eating  pork. 

A  tapeworm  (Fig.  20:8)  consists  of  a  “head”  or  scolex,  scarcely  as 
large  as  the  head  of  a  pin  (about  1  millimeter  in  diameter),  a  short,  thin 
neck,  and  a  number  of  flattened  segments  called  proglottids.  The  head 


Fig.  20:8  'I aenia  snliurn,  a  taix'wonn  of  llir  |)ig.  A,  spccinicMi  about  8  feel  long  consisting 
of  about  900  proglottids,  with  four  se(  iions  oinillecl;  the  uterus  lilled  with  eggs  is  shown 
in  the  last  two  proglottids;  about  four  times  n.ilural  size.  H,  scolex,  magnified  about 
thirty-five  times.  (1,  egg  surromuh’d  by  a  memi.rane  and  bearing  six  hooks.  1),  bladder- 
worm  or  cysticercus  with  .scolex  at  bottom  of  inv'.igination.  I*.,,  cystieercus  with  head  evag- 
inaled  and  ready  to  become  attached  to  the  inteslin.il  wall,  from  1  legner,  College  ^oology, 
'The  Macmill.in  Company. 

is  armed  willi  a  ring  of  from  (wenty-two  to  thirty-two  small  hooks  and 
fotir  sticking  discs  by  mt'ans  of  whit'li  it  attat  hes  it.scll  to  the  wall  ol  the 
intestine  of  its  host,  in  this  ease  m.m.  A  spt'cinu'n  ol  I (inua  solium  from 
the  htmian  int(*stin(‘  may  I'eat  h  a  brngth  ol  Ironi  0  to  10  feed. 

d’he  |)roglottids  .'irt'  piodnet'd  in  the  rt'gion  just  bt'hind  tlu'  neck  by  a 
pioeess  analogous  to  budding,  resemliling  the  w.iy  in  whit'h  nu'diisat'  art' 
loinied  by  the  strobila  of  the  Seyi)ho/oa.  'The  yoimgt'St  proglottids  .ire 
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those  nearest  the  neck  and  the  oldest  those  furthest  away.  Each  proglottid 
contains  all  the  organs  necessary  to  carry  on  its  existence  and  reproduce 
the  species.  Nevertheless,  the  nervous  and  excretory  systems  extend 
throughout  the  length  of  the  tapeworm. 

The  food  of  the  tapeworm  is  already  digested  for  it  by  the  digestive 
juices  of  its  host.  This  digested  food  it  absorbs  through  the  entire  outer 


Fig.  20:9  Taenia  solium.  A  ripe  proglottid  showing  the  reproductive  organs,  nerves, 
and  excretory  canals.  From  Hegner,  College  The  Macmillan  Company. 


surface  of  its  body.  There  is  no  internal  digestive  system  in  the  scolex  or 
in  the  proglottids,  either  in  the  form  of  a  digestive  cavity  or  digestive 
glands. 

The  excretory  system  is  like  that  of  the  liver  fluke  and  planarian.  It 
consists  of  a  branching  system  of  tubes  ending  in  flame  cells.  The  nerv¬ 
ous  system  is  essentially  similar  to  that  of  the  planarian  and  liver  fluke 
and  consists  of  a  pair  of  ganglia  in  the  scolex  from  which  arise  nerve  cords 
which  run  the  entire  length  of  the  worm.  There  are  no  sense  organs. 
Each  proglottid  has  a  complete  set  of  reproductive  organs  and  is, 
therefore,  termed  hermaphroditic.  Like  the  reproductive  organs  of  the 
planarian  and  fluke,  they  are  quite  complicated.  The  reproductive 
organs  occupy  most  of  the  proglottid,  which  when  mature  is  little  more 
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than  a  sac  of  eggs  (Fig.  20:9).  As  the  proglottids  become  mature  and 
filled  with  ripe  eggs,  they  become  separated  from  the  rest  of  the  worm 
and  pass  out  of  the  intestine  on  to  the  ground. 

An  interesting  question  arises  regarding  the  tapeworm:  Is  the  entire 
tapeworm  one  individual  or  are  the  separate  proglottids  individuals 
which  are  associated  to  form  a  colony?  Probably  the  latter  interpreta¬ 
tion  is  the  more  correct  since  each  proglottid  would  undoubtedly  be 
capable  of  an  independent  existence  had  it  some  separate  means  of 
attachment  or  other  means  of  staying  in  the  intestine. 

A  man  infected  with  a  single  tapeworm  may  expel  several  ripe 
proglottids  per  day,  each  containing  thousands  of  eggs.  Each  of  these 


Fig.  20: 10  Taenia  solium.  Diagram  of  life  cycle.  From  Storer,  General  Zoology,  McGraw- 
Hill  Book  Company,  Inc. 


eggs  contains  a  small  embryo  armed  with  three  pairs  of  hooks.  The  further 
development  of  these  embryos  depends  on  their  being  ingested  by  another 
host,  usually  the  pig,  although  it  may  be  a  man  if  his  food  becomes  con¬ 
taminated  with  (he  eggs.  The  embryos  then  bore  through  the  wall  of  the 
intestine  and  make  th('ir  way  or  are  carried  in  the  blood  to  the  muscles. 
After  arriving  in  the  museles  they  grow  into  “bladder  worms”  or 
cysticerci  (Idg.  20:10).  As  the  name  “bladder  worm”  implies,  this  stage 
is  l)laddcrlik('.  The  h('ad  of  the  tajx'worm  is  developed  inside  the  bladder. 
When  uncook(‘d  pork  or  other  meat  containing  bladder  worms  is  eaten, 
the  young  scoh'x,  lil)(‘ra(ed  in  the  intestine  of  a  man  or  a  pig,  attaches 
itself  and  forms  proglottids. 

5.  OTHER  TAPEWORMS 

Four  spec  ies  of  (a|)eworm  occur  fairly  frequently  in  the  adult  stage 
(j)roglo( (ids)  in  m.m.  'They  arc*  (he  fish  tapeworm,  DipJiyllobothuum 
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latuin;  the  pork  tapeworm,  Taenia  solium;  the  beef  tapeworm,  Taenia 
saginata;  and  the  dwarf  tapeworm,  Hymenolepis  nana. 

The  fish  tapeworm,  Diphyllobothrium  latum^  occurs  in  central  Europe, 
the  Baltic  countries,  central  Asia,  Manchuria,  Japan,  Madagascar, 
and  in  a  few  places  in  Africa  and  North  America.  It  is  the  largest  of 
the  human  tapeworms,  reaching  a  length  of  over  30  feet.  There  are  two 
intermediate  hosts.  The  ciliated  larvae  are  eaten  by  small  crustaceans 
of  the  genus  Cyclops  in  the  body  cavities  of  which  they  undergo  a  part 
of  their  development.  When  the  cyclops  is  eaten  by  a  fish  the  larvae 
burrow  through  the  intestine  and  reach  the  muscles.  There  they  develop 
into  elongated  wormlike  animals  with  an  inverted  scolex.  When  un¬ 
cooked  infected  fish  is  eaten  by  man  the  scolex  is  everted,  the  tapeworm 
becomes  attached  to  the  intestinal  wall,  and  proglottids  begin  to  be 
formed. 

The  life  history  of  the  beef  tapeworm.  Taenia  saginatay  closely 
parallels  that  described  for  Taenia  solium  with  cattle  as  the  intermediate 
hosts  in  place  of  pigs.  The  muscles  of  the  jaws  and  heart  are  the  parts  of 
the  beef  most  commonly  infected  and  it  is  these  parts  which  are  usually 
examined  in  meat  inspection.  Cattle  become  infected  by  the  ingestion 
of  the  eggs  of  the  parasite.  In  Europe  and  America  where  cattle  are 
kept  under  fairly  hygienic  conditions,  infection  is  rare,  but  in  the  tropics 
where  cattle  often  eat  human  fecal  matter,  the  bladder  worms  may  be 
very  numerous.  Taenia  saginata  is  widely  distributed  but  is  especially 
common  in  parts  of  Africa,  Syria,  and  Tibet  where  raw  or  partially 
cooked  beef  is  eaten.  It  is  exceedingly  rare  among  Hindus  since  their 
religion  prohibits  beef  eating. 

The  dwarf  tapeworm,  Hymenolepis  nana,  is  a  small,  short  worm. 
It  is  peculiar  in  that  its  entire  life  cycle  takes  place  in  a  single  host,  the 
embryos  boring  their  way  into  the  wall  of  the  intestine  and  developing 
there  into  a  bladder-wormlike  stage  from  which  they  emerge  into  the 
intestine  again  as  adults.  The  distribution  of  the  dwarf  tapeworm  is 
world  wide.  “It  is  the  commonest  tapeworm  in  the  southern  United 
States,  where  about  1  to  2  per  cent  of  the  population,  especially  children, 
are  infected.  In  Europe  it  is  especially  common  in  Italy.  In  India  as  high 
as  18  to  28  per  cent  of  the  population  was  found  by  the  writer  to  be 
infected.”  ^ 

Two  species  of  tapeworm  occur  fairly  commonly  in  man  in  the  larval 
stage.  They  are  Taenia  soliumy  already  referred  to,  and  Echinococcus  granu- 
losusy  the  enormous  bladder  worms  of  which  are  known  as  hydatid  cysts. 
The  adult.  Echinococcus  granulosus^  is  a  minute  worm,  resembling 

'  ^  Chandler,  Introduction  to  Human  Parasitology. 
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Taenia  solium  in  structure,  which  is  very  common  in  the  intestines  of  dogs. 
The  eggs  or  ripe  proglottids  are  expelled  in  the  feces  of  infected  dogs. 
Other  mammals  besides  man  may  act  as  the  host  of  the  larva.  Human 
beings  become  infected  through  the  drinking  water  or  handling  infected 
dogs.  Children  are  more  commonly  infected  than  adults  from  kissing 
dogs  or  allowing  them  to  lick  the  face.  The  eggs  hatch  in  the  intestine. 
The  larvae  bore  through  the  intestinal  wall  and  enter  the  blood  stream 
in  which  they  are  carried  about.  They  usually  become  caught  in  the 
capillaries  of  the  liver  or  lungs  and  there  begin  to  form  bladder  worms 
or  cysts.  The  cysts  grow  very  slowly  but  may  continue  for  years,  reaching 
an  enormous  size.  Echinococcus  granulosus  is  most  frequent  in  sheep  and 
cattle  countries  since  these  animals  may  serve  as  hosts  for  the  larvae,  and 
dogs  are  used  for  herding.  Human  infection  is  common  in  Iceland, 
Africa,  Australia,  and  South  America  south  of  Brazil.  The  only  treat¬ 
ment  for  the  disease  is  the  surgical  removal  of  the  hydatid  cysts  when 
this  is  possible. 

6.  BIOLOGICAL  PROBLEMS  ILLUSTRATED  IN  THE 
PLATYHELMINTHES 

A.  THE  PLAN  OF  STRUCTURE  OF  THE  PLATYHELMINTHES 

The  plan  of  structure  of  the  Coclcntcrata,  as  we  saw  in  the  previous 
chapter,  is  that  of  a  sac  enclosed  by  two  layers  of  cells,  the  gastrodermis 
and  the  epidermis,  separated  by  the  noncellular  mesoglea.  In  the 
Platyhelminthes,  with  the  exception  of  the  tapeworms  where  a  digestive 
tract  is  lacking,  this  sad  ike  structure  of  the  digestive  tract  is  also  evident. 
However,  in  place  of  mesoglea  there  is  a  thick  mass  of  cellular  tissue  in 
which  numerous  organs  such  as  the  excretory  and  reproductive  organs 
arc  developed.  This  middle  layer  of  tissue  which  develops  between 
the  ectoderm  and  endoderm  is  called  the  mesoderm  and  the  three- 
layered  condition  which  results  is  termed  triploblastic. 

Food  materials  are  (ransjx)rted  to  the  cells  of  the  dilfercnt  organs  in 
the  many  branch(‘s  of  the  digestive  tract.  The  waste  products  o(  the 
metabolism  of  the  c(‘lls  are  exeret('d  by  the  (lame  cells  and  carried  to  the 
ext(‘rior  in  the  tul)ul(\s  of  the  (‘xc  retory  system.  T  he  re|)roductive  organs 
are  internal  and  in  cons(‘(jiien('(‘  have  developed  a  series  ol  duets. 

B.  BILATERAL  SYMMETRY 

T  he  members  of  this  group  ])o.ssess  bilatc'ral  symnu'try.  I  his  is  an 
itriportani  slc'j)  in  ('volution  since  it  inv^olvc'S  tlu'  dillc'n'utiation  ol  an¬ 
terior  and  posterior  ends  and  coordinated  movements  in  locomotion. 
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C  PARASITISM 

Although  parasitic  species  occur  in  practically  all  the  different  phyla 
of  animals  and  in  many  plants,  it  is  convenient  to  discuss  the  general 
subject  of  parasitism  at  this  point,  since  so  many  of  the  striking  features 
of  parasitism  are  especially  well  illustrated  in  the  Platyhelminthes. 

(1)  THE  ORIGIN  OF  PARASITISM 

It  is  not  possible  to  be  certain  in  any  particular  case  exactly  how  a 
parasitic  species  arose.  1  lowcvcr,  it  is  generally  believed,  and  there  is 
much  evidence  for  the  thesis,  that  parasites  evolved  from  related  free- 
living  species.  One  kind  of  evidence  is  that  all  stages  between  a  free 
and  independent  existence  and  complete  parasitism  are  frequently 
found  in  different  species  of  the  same  group  or  related  groups.  Thus  the 
structure  of  the  Turbellaria  and  Trematoda  clearly  shows  that  they  are 
closely  related  groups,  the  one  free-living,  the  other  parasitic.  Add  to 
this  the  fact  that  some  species  of  turbellarians  are  semiparasitic.  One  such 
lives  attached  to  the  gills  of  the  king  crab,  Limulus,  while  another  lives 
in  the  mouth  cavity  of  a  gastropod  mollusk. 

(2)  TYPES  OF  PARASITISM 

Some  parasites  are  found  attached  to  the  external  surface  of  the  bodies 
of  their  hosts  and  are  therefore  called  ectoparasites;  while  others,  called 
endoparasites,  occur  inside  the  body  in  cavities  such  as  those  of  the 
digestive,  respiratory,  and  vascular  systems,  or  in  tissues  such  as  those  of 
the  muscles  and  brain.  Thus  the  turbellarian  referred  to  above  as  living 
on  the  gills  of  the  kingcrab  is  an  ectoparasite;  the  liver  fluke  is  an  endo- 
parasite  living  in  a  cavity,  while  the  cysticercus-stage  of  the  beef  tape¬ 
worm  is  a  tissue  parasite. 

(3)  ADAPTATIONS  TO  PARASITISM 

The  body  of  the  host  forms  the  environment  for  the  parasite  and  the 
latter  must  be  adapted  to  this  environment.  There  is  thus  a  host-para- 
site  relationship  with  the  result  that  most  parasites  are  restricted  to  a 
few  host  species.  In  general  it  is  to  the  advantage  of  the  parasite  to  cause 
as  little  disturbance  as  possible  in  the  body  of  its  host.  When  a  parasite 
kills  its  host  this  is  usually  due  to  imperfect  adaptation,  for  in  doing  so 
it  is  indeed  killing  the  goose  which  lays  the  golden  egg.  Adaptation  is 
also  important  in  the  transfer  of  the  parasite  from  host  to  host.  This  will 
be  referred  to  later  under  reproduction  and  life  cycles. 
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(4)  ''DEGENERACY”  IN  PARASITES 

From  our  point  of  view  parasites  are  degenerate  creatures.  From  the 
parasite’s  point  of  view,  if  it  had  one,  which  it  does  not,  the  host  is  merely 
a  source  of  livelihood.  However,  the  dependent  existence  of  the  parasite 
on  or  in  the  body  of  another  organism  is  accompanied  in  a  greater  or 
less  degree  by  the  loss  of  organs  or  other  structures  no  longer  useful. 
This  is  particularly  true  of  sense  organs.  Thus,  although  the  ciliated 
larva  of  the  liver  fluke  possesses  an  eyespot,  which  presumably  helps  it 
to  find  its  host  snail,  the  adult  fluke  lacks  any  such  organ.  In  the  adult 
tapeworm  the  digestive  tract  is  entirely  lacking. 

(5)  REPRODUCTION  AND  LIFE  CYCLES 

Parasitic  worms  lay  incredible  numbers  of  eggs  which  are  usually 
contained  in  protective  coatings.  With  this  is  correlated  a  rather  com¬ 
plicated  reproductive  system  which  occupies  a  large  place  in  the  body. 
This  is  well  illustrated  in  the  liver  fluke  and  the  proglottid  of  the  tape¬ 
worm.  Also,  frequently,  the  immature  stages  multiply  by  asexual  repro¬ 
duction.  This  is  seen  in  the  formation  of  rediae  and  cercariae  in  the  life 
cycle  of  the  liver  fluke  and  in  the  cysticcrci  of  many  tapeworms  in  which 
numerous  heads  are  formed. 

Some  parasites  arc  able  to  complete  their  life  cycle  in  a  single  host. 
Examples  of  this  are  frequent  among  the  roundworms  and  will  be  de¬ 
scribed  in  the  next  chapter.  Many  parasites  require  two  entirely  different 
hosts  and  a  few  require  or  usually  have  three  different  hosts.  It  is  usual  to 
call  the  host  of  the  adult  stage  of  the  parasite  in  which  sexual  reproduc¬ 
tion  occurs  the  final  host  and  the  host  of  the  immature  stages  the 
intermediate  host.  The  presence  of  an  intermediate  host  ensures,  at 
least  in  certain  cases,  a  wider  disjx'rsal  of  the  parasite. 


Topical  Outline  of  Chapter  20 

1 .  A  planarian 

2.  Liver  flukes 

A.  'I'he  liver  fluke  of  she(‘p,  Fasciola  hcpatica 
U.  'The  oriental  liver  fluke,  Clonorcliis  sinensis 

3.  Other  flukes 

A.  A  tapevv()rm,  7 anna  solium 

5.  Other  t;ipevvorius 

6.  hiolorpeal  prohlems  illustrated  in  the  Platyhefininthes 
A.  'The  plan  of  strurture  of  the  Platyheliuiuthes 
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C.  Parasitism 

(1)  The  origin  of  parasitism 

(2)  Types  of  parasitism 

(3)  Adaptations  to  parasitism 

(4)  “Degeneracy”  in  parasites 

(5)  Reproduction  and  life  cycles 
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Questions 

1.  Compare  the  digestive  system  of  Planaria  with  that  of  Hydra. 

2.  Why  is  an  excretory  system  necessary  in  Planaria? 

3.  Describe  a  flame  cell.  Why  docs  it  contain  cilia? 

4.  Compare  the  nervous  system  of  Planaria  with  that  of  Hydra. 

5.  Describe  the  life  history  of  the  liver  fluke. 

6.  What  advantages  and  disadvantages  are  there  for  the  liver  fluke  in  having  a 
number  of  different  stages  in  its  life  history? 

7.  Define  parthenogenesis.  Can  you  give  any  reason  for  its  occurrence  in  the 
liver  fluke? 

8.  Why  is  a  digestive  system  absent  in  the  tapeworm? 

9.  Discuss  the  question  whether  the  tapeworm  is  a  colony  or  an  individual. 

10.  How  may  infection  with  the  tapeworms  lx:  avoided? 
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Chandler,  Asa  C.,  Introduction  to  Human  Parasitology,  John  Wiley  &  Sons,  Inc., 
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Ward,  H.  B.,  and  G.  C.  Whipple,  Fresh-Water  Biology,  Wiley  &  Sons,  Inc., 
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CHAPTER  21 


The  Roundworms  —  Tube-wifhin-a-fube 
Type  of  Body  (Phylum  Nemathelminthes) 


The  step  in  the  evolution  of  the  higher  animals  which  this  phylum 
illustrates  may  be  designated  the  “tube-within-a-tube”  type  of  body 
structure.  In  this  type  of  structure  the  body  of  the  animal  consists  of  an 
outer  tube,  called  the  body  wall,  which  surrounds  a  cavity  within  which 
is  another  tube  called  the  digestive  tube,  alimentary  canal,  or  digestive 
tract,  opening  at  one  end  of  the  animal  by  a  mouth  and  at  the  other  end 
by  an  anus.  The  material  to  be  digested  is  taken  in  at  the  mouth  and  the 
unabsorbed  residue  is  passed  out  at  the  anus  as  the  feces,  the  process  of 
evacuation  of  this  material  being  called  defecation. 


1.  ASCARIS 

As  an  example  of  this  phylum,  we  take  a  parasitic  roundworm,  Ascans 
lumbricoides,  found  in  the  intestines  of  horses,  pigs,  and  man.  It  should 
be  noted  in  passing  that  many,  perhaps  most  of  the  Nemathelminthes, 
arc  free  living.  Ascaris  is  chosen  on  account  of  its  large  size  (it  reaches  a 
length  of  25  centimeters,  10  inches)  and  the  case  with  which  it  may  be 
dissected.  The  species  name  lumbricoides  refers  to  the  resemblance  to 
the  earthworm  Lumbricus.  Ascaris^  however,  is  not  divided  into  ringlike 
segments  like  the  earthworm  and,  like  most  internal  parasites,  it  is  white 
in  color.  The  elongated  body  is  pointed  at  both  ends.  At  the  extreme  tip 
of  one  end,  which,  on  this  account,  is  distinguished  as  the  anterior,  is  the 
mouth,  a  triangular  opening  surrounded  by  three  lips.  A  short  distance 
from  the  other  (‘nd  is  the  anus. 

If  the  body  wall  of  Asenris  hr  cut  open,  it  will  immediately  be  dis¬ 
covered  that  it  contains  a  relatively  large  fliiid-filled  cavity  extending 
the  entire  Imgih  of  the  body  and  containing  various  organs  (fig.  21.1). 
d  his  cavity  is  referred  to  as  a  pscudococl,  because  the  body  cavit)  ot 

Ascaris  and  ol  the  Nemath('lminthes  in  general  diders  in  certdin  lespccts 
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from  a  true  body  cavity  as  seen  in  the  higher  animals.  Typically 
a  coelom  is  lined  with  an  epithelium  developed  in  the  embryo  from  the 

middle  layer  or  mesoderm,  the  germ 
cells  arise  from  its  wall,  and  the  excre¬ 
tory  organs,  at  least  in  their  embryonic 
stages,  open  into  it.  In  Ascaris  the  cavity 
is  lined  by  mesoderm  only  on  the  sur¬ 
face  toward  the  body  wall;  there  being 
no  mesoderm  covering  the  digestive 
tract,  the  germ  cells  are  not  developed 
from  its  lining,  and  the  excretory  organs 
do  not  open  into  it. 

Among  the  various  organs  in  the 
body  cavity  is  the  digestive  tract  which 
consists  of  a  straight  tube  running  from 
the  mouth  to  the  anus.  Ascaris  illustrates 
especially  clearly  what  has  been  called 
the  tube-within-a-tube  type  of  animal 
body.  The  body  cavity  between  the  two 
tubes  is  closed  by  the  fusion  of  the  wall 
of  the  outer  tube,  of  ectodermal  and 
mesodermal  origin,  with  the  wall  of  the 
inner  tube,  in  Ascaris,  of  endodermal 
origin  only,  at  the  mouth  and  anus.  The 
mouth  is  found  to  lead  directly  into 
a  muscular  pharynx  with  which  the 
already  digested  materials  from  the  in¬ 
testine  of  the  host  are  sucked  in.  This  is 
followed  by  a  long  straight  intestine 
consisting  of  a  single  layer  of  columnar 
epithelial  cells  by  which  the  nutrient 
materials  are  absorbed  and  passed  into 
the  body  fluid  in  which  they  are  dis¬ 
tributed  to  all  parts  of  the  body,  there 
being  no  circulatory  system  such  as 
occurs  in  the  higher  animals.  Just  before 
the  anus  the  intestine  narrows  to  form 
Fig.  21:1  Ascaris  lumbricoides.  A  a  short  rectum.  In  the  male  a  cloaca, 

female  cut  open  to  show  internal  which  is  continuous  with  the  rectum  and 
organs.  After  Shipley  and  Mac-  .  ,  .  ,  ,  .  ,  , 

Bride,  from  Hegner,  College  Zoology,  ^^hich  the  genital  duct  opens,  inter- 

The  Macmillan  Company.  venes  between  the  rectum  and  the  anus. 


Art.  1  ASCARIS 
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The  body  wall  is  developed  from  ectoderm  and  mesoderm  (Fig.  21:2). 
The  outer  surface  is  covered  by  a  chitinous  cuticle  secreted  by  the 
epidermis.  The  epidermis  of  Ascaris  takes  the  form  of  a  syncytium,  i.e., 
it  consists  of  numerous  nuclei  scattered  in  a  continuous  layer  of  proto- 


Fig.  21:2  Ascaris  lumhricnides,  transverse  section.  After  Parker  and  Haswell,  after  Vogt 
and  Yung,  From  Hcgncr,  College  Zoology,  I’hc  Macmillan  Company. 

plasm  not  divided  into  separate  cells.  Within  the  epidermis  and  bound¬ 
ing  the  body  cavity  is  a  layer  of  large  muscle  cells  which  arc  developed 
from  the  mesoderm.  These  muscle  cells  are  of  considerable  interest  as 
they  arc  believed  to  show  how  the  more  specialized  muscle  cells  ol 
higher  animals  may  have  been  evolv(*d  (I'ig.  21:3).  1  he  contractile 


Soiiticnslicin  <Sf  ( lo,  I  .id. 


|)orli()ns  of  (hesc  ('clls  lie  immedi.itely  under  (he  ('pidermis  and  extend 
longi  I  udi  n;il  ly.  The  (’ell  bodies  ,i  j  )|)(Mr  in  cross  seel  ions  as  rounded  m.isst  s 
projcrliiii;  iiilo  the  body  c  :ivily  ( I'ii;.  21:2).  Muscle  cells  urc  ab.scnl  and 
die  epidermis  is  diiekened  aloiip  luin'  Uuu’.iludiual  line's  exle'iidiiu;  lh( 
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length  of  the  body.  Two  of  these  lines  are  lateral,  one  dorsal,  and  one 
ventral. 

Two  tubes  which  run  in  the  lateral  lines  and  open  to  the  exterior  by  a 
single  pore  in  the  anterior  region  have  been  called  excretory  tubes  and 
assigned  an  excretory  function.  Recent  investigations  have  shown,  how¬ 
ever,  that  their  having  such  a  function  is  extremely  doubtful,  and  that 
excretion  is  probably  carried  on  by  the  body  wall,  the  waste  products 
being  carried  to  the  body  wall  from  the  other  parts  of  the  organism  in 
the  fluid  of  the  body  cavity. 

The  nervous  system  consists  of  a  ring  of  nervous  tissue  surrounding 
the  pharynx  and  two  nerve  cords  running,  one  in  the  dorsal  line  of  the 
thickened  epidermis,  and  the  other  in  the  ventral  line. 

The  sexes  are  separate.  In  the  female  the  genital  opening  is  a  small 
transverse  slit  in  the  mid-ventral  line  at  about  one-third  of  the  length  of 
the  worm  from  the  anterior  end.  It  leads  into  a  short  tube  called  the 
vagina  which  divides  into  two  long  convoluted  tubes.  Each  of  these 
tubes  is  differentiated  into  three  portions,  the  portion  nearest  the  vagina 
has  the  largest  diameter  and  is  called  a  uterus,  the  middle  portion  is  an 
oviduct,  and  the  thin  upper  portion  is  the  ovary.  Each  ovary  may  con¬ 
tain  as  many  as  a  million  eggs,  200,000  of  which  may  be  laid  in  a  single 
day.  The  eggs  are  fertilized  in  the  lower  ends  of  the  oviducts.  In  the 
male  the  reproductive  system  consists  of  a  .single  long  tube  differentiated 
along  its  length.  The  upper  portion  which  is  long,  coiled,  and  threadlike 
forms  the  testis  in  which  sperms  are  formed.  Leading  from  the  testis  is 
the  vas  deferens  which  is  continued  by  a  somewhat  wider  tube,  the 
seminal  vesicle,  in  which  the  spermatozoa  are  stored.  From  the 
seminal  vesicle  a  short  muscular  ejaculatory  duct  leads  into  the 
cloaca. 

The  eggs  do  not  begin  their  development  until  they  have  left  the 
female  and  the  host.  They  are  extremely  resistant  to  many  chemical 
substances  and  may  retain  their  capacity  to  develop  over  a  period  of 
years.  Infeetion  of  a  new  host  usually  occurs  by  the  swallowing  of  eggs. 
When  the  eggs  are  swallowed  by  a  horse,  pig,  or  man,  the  embryos 
hateh  in  its  small  intestine.  From  the  intestine  the  young  worms  go  on  a 
ten-day  tour,  a  sort  of  “homeseeker’s  trip  through  the  body.”  They 
penetrate  the  mucous  membranes  and  are  carried  by  the  blood  stream 
to  the  liver,  then  to  the  heart,  and  then  to  the  lungs.  From  the  blood 
vessels  of  the  lungs  they  work  their  way  out  into  the  cavities  of  the  lungs 
and  eventually  find  their  way  through  the  throat  and  esophagus  back 
to  the  intestine.  During  the  trip  they  grow  to  about  ten  times  their  length 
at  starting. 


Arf.  2  OTHER  NEMATHELMINTHES 
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2.  OTHER  NEAAATHELMINTHES 


The  Nemathelminthes  are  a  very  numerous  and  widely  distributed 
phylum.  The  free-living  species  occur  almost  everywhere,  on  land,  in 
the  sea,  and  in  fresh  water.  They  occur  as  parasites  in  both  plants  and 
animals.  In  some  cases  they  are  relatively  harmless,  in  other  cases  they 
cause  serious  and  even  fatal  diseases.  In  the  latter  category  are  the 
trichina  worm  and,  the  hookworms. 

The  trichina  worm,  Trichinella  spiralis^  is  the  cause  of  a  muscular 
disease  in  man  called  trichinosis.  This  disease  used  to  be  much  more 


K  A  ^  I A 


Fig.  21:4  Trichinella  spiralis^  the  trichina  worm,  cause  of  trichinosis.  From  Storer, 
General  Zoology,  McGraw-Hill  Book  Company,  Inc. 

frequent  than  at  present.  It  is  now  rather  rare  in  the  United  States, 
thanks  to  the  wide  publicity  given  to  the  evil  effects  of  eating  raw  or 
insufficiently  cooked  pork.  Serious  epidemics  have  occurred  in  Germany, 
Austria,  and  Italy  where  sausages  containing  raw  pork  are  popular. 
Man  becomes  infected  by  eating  raw  meat  containing  encysted  larvae 
of  the  worm.  The  larvae  come  out  of  their  cysts  in  the  intestine.  Here 
they  mature  and  the  adults  (Fig.  21:4)  mate.  The  females  burrow  into 
the  intestinal  wall  and  deposit  their  living  young  in  a  lymph  or  blood 
vessel.  The  minute  larvae  are  carried  all  over  the  body  in  the  blood  stream. 
They  soon  leave  the  capillaries  and  enter  the  fibers  of  the  striated  or 
voluntary  muscles,  particularly  those  of  the  diaphragm,  chest,  and 
tongue.  There  they  grow  rapidly  in  size  and  become  surrounded  by  a 
hard  resistant  cyst  from  which  they  become  liberated  only  when  eaten 
by  another  hosl.  Hc'sides  man  and  hogs  the  trichina  worm  also  infects 
rats  and  mic'c'.  Fhere  is  no  known  cure  for  trichinosis,  which  frequently 
r(‘sults  in  death,  lo  d('Sti*oy  the  parasites  the  pork  must  be  thoroughly 
cook(‘d ;  red  or  raw  jiortions  left  in  the  center  of  either  boiled  or  roasted 
pork  may  contain  living  larvae  and  cause  infection. 

'I’here  are  two  species  of  hookworm.  The  New  World  species  is 
Necalor  (imericanus.  4  his  is  the  wi'll  known  hookworm  which  is  widely  dis- 
tribuK'd  in  the  south(M'n  states,  ddie  Old  World  species  is  Amyloslotmi 
duodennlc..  With  the  possible  cxccjition  of  the  malaria  parasite  the  dilferent 
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species  of  hookworm  are  probably  responsible  for  more  human  misery 
and  death  than  any  other  animal  parasite.  The  adult  hookworms  of  both 
Necator  and  Ancylostoma  live  in  the  small  intestine  from  the  wall  of  which 
they  suck  blood  and  lymph.  A  single  worm  may  produce  as  many  as  ten 
thousand  eggs  per  day,  which  arc  passed  out  of  the  host  in  the  feces. 
Embryos  hatch  in  about  24  hours,  grow  rapidly,  and  at  the  end  of  about 
5  days  have  become  small  lar\^ac  1/2  millimeter  in  length.  The  larvae 
live  on  the  surface  of  the  soil  and  infection  takes  place  when  they  bore 
their  way  through  the  skin,  usually  that  of  the  bare  foot.  From  the  skin  the 
larvae  enter  blood  vessels  and  arc  carried  to  the  lungs  where  they  bore 
their  way  out  into  the  air  spaces.  From  the  lungs  they  reach  the  throat 
and  if  swallowed  with  the  food  arrive  in  the  intestine  where  they  acquire 
a  mouth  and  start  feeding.  A  single  worm  may  live  for  five  or  more  years 
in  the  intestine. 

The  hookworm  disease  is  a  tropical  and  scmitropical  disease,  extending 
through  central  Africa,  India,  Siam,  Malaysia,  southern  China,  northern 
South  America,  Central  America,  and  the  southern  United  States.  Its 
effect  is  “insidious;  year  after  year,  generation  after  generation,  it  saps 
the  vitality  and  undermines  the  health  and  efficiency  of  whole  races  of 
people.”  ^  Carbon  tetrachloride  taken  by  mouth  has  proved  an  effective 
treatment  for  ridding  the  intestine  of  the  worms.  The  use  of  privies, 
disinfecting  the  soil,  and  the  wearing  of  shoes  or  boots  to  protect  the 
feet  are  important  preventive  measures. 

Another  species  of  Nemathelminthcs  of  considerable  importance  in 
tropical  countries  is  the  filaria,  Wuchereria  bancrqfti.  The  adults  which 
reach  a  length  of  3  to  4  inches  but  are  scarcely  thicker  than  a  piece  of 
thread,  live  in  the  lymph  glands  of  man  where  their  presence  causes  a 
peculiar  disease  called  elephantiasis,  in  which  the  lymph  glands  may 
be  swollen  to  an  enormous  extent.  Infection  is  by  means  of  an  inter¬ 
mediate  host,  a  mosquito.  The  worms  breed  in  the  lymph  glands  and 
produce  larvae  called  microfilariae  which,  to  continue  their  develop¬ 
ment,  must  be  transferred  to  a  mosquito.  In  the  course  of  from  10  days 
to  several  weeks  in  the  mosquito  the  larvae  develop  into  worms  which 
are  transferred  to  the  human  host  when  the  mosquito  bites. 

Species  of  Nemathelminthes  attack  various  food  plants  such  as  the 
beet,  tomato,  turnip,  and  potato  and  are  the  cause  of  some  loss  to  the 
farmer. 

^  Chandler,  A.  C.,  Introduction  to  Human  Parasitology. 
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3.  BIOLOGICAL  PRINCIPLES  ILLUSTRATED  IN  THE 
NEAAATHELMINTHES 

With  the  development  of  a  body  cavity  in  Ascaris,  the  tube-within-a- 
tube  type  of  body  came  into  existence.  The  outer  tube  or  body  wall,  as 
already  stated,  is  composed  of  ectoderm  and  mesoderm.  The  ectoderm 
maintains  contact  with  the  outside  world.  This  is  a  comparatively  simple 
matter  in  a  parasite  since  its  environment  does  not  change  except  during 
its  immigration;  hence  in  parasitic  animals  sense  organs  are  usually 
lacking  or  much  reduced.  The  mesoderm  of  the  body  wall  takes  on,  as 
one  of  its  functions,  the  movement  and  locomotion  of  the  animal.  In 
Ascan's,  as  already  stated,  muscle  cells  are  developed  in  it.  The  body 
cavity  of  Ascans,  while  it  does  not  correspond  to  the  coelom  of  the  higher 
animals,  occupies  the  same  general  position  in  the  tube-within-a-tube 
plan  of  body.  The  inner  tube  consists  in  Ascaris  of  endoderm  only. 
Generally  in  animals,  the  endoderm  is  concerned  with  the  functions 
associated  with  digestion  and  secretion. 

The  Nemathelminthes,  like  the  Platyhelminthes,  contain  many  para¬ 
sitic  species  and  illustrate  well  many  of  the  features  of  parasitism,  which 
are  discussed  in  detail  at  the  end  of  the  chapter  on  the  Platyhelminthes. 


Topical  Outline  of  Chapter  21 
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Questions 

1.  Explain  clearly  what  is  meant  hy  the  “tuhe-within-a-tuhe’  type  of  body 
structure  and  show  how  this  applies  to 

2.  I  low  does  the  body  cavity  of .  difler  Irom  the  coelom  of  a  higher  animal? 

3.  Why  would  you  not  expect  to  find  digestive  glands  in  .tsainsP 

4.  How  are  the  nutrient  materials  distributi'd  throughout  the  body  of  Asc^nsP 
Oompare  this  method  wath  that  in  luiscwla  or  Planaria. 

5.  Briefly  outline  the  life  history  of  . 

6.  Name  .some  of  the  more  im|)orlant  Nemathelminthes  jiarasitic  in  man. 
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Clhandler,  Asa  (!.,  Intiodiutum  to  Huniiin  I^irasttology^  ^]o\u\  Wiley  iS:  Sons,  liu., 
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CHAPTER  22 

The  Segmented  Worms  —  A  True 
Coelom  and  Metamerism  (Phylum 
Annelida) 


The  segmented  worms,  of  which  the  common  earthworm,  Lumbricus 
terrestris,  is  an  example,  show  two  important  steps  in  evolution  —  the 
development  of  a  t^^^el^m  and  metamerism.  As  already  stated  in 
Chap.  21,  the  body  cavity  which  is  founcTin^the  Nemathelminthes  or 
roundworms  is  not  regarded  as  a  true  coelom.  A  true  coelom  is  a  cavity 
which  is  lined  by  an  epithelium  developed  from  the  mesoderm  or  middle 
gSmTl^yernh^  the  embryo  (see  Chap.  36).  The  body  cavity  of  annelids 
conforms  to  this  definition.  It  lies  between  the  digestive  tract  and  the 
body  wall.  In  many  animals  the  excretory  organs,  known  as  nephridia, 
open  internally  into  the  coelom,  and  the  reproductive  cells  can  be  shown 
to  originate  from  a  portion  of  the  epithelium  which  lines  its  walls.  This 
description  applies  to  the  body  cavity  of  annelids.  Another  striking 
feature  in  the  structure  of  annelids  is  the  transverse  division  of  the  body 
into  a  series  of  disc-shaped  segments.  In  general  these  segments  or  met- 
ameres  are  similar  throughout  the  length  of  the  body,  so  that  each  of  the 
main  organ  systems,  with  the  exception  of  the  reproductive  organs,  con¬ 
sists  of  a  repetition  of  similar  parts  arranged  in  a  longitudinal  series,  one 
part  in  each  segment.  This  repetition  of  similar  parts  of  an  organ  system 
in  successive  segments  of  the  body  is  called  metamerism.  It  is  especially 
well  illustrated  in  the  annelids  and  the  next  phylum,  the  arthropods. 
It  occurs  in  the  higher  animals,  even  in  ourselves,  but  is  there  restricted 
to  certain  organs  and  is  less  apparent.  The  metamerism  of  an  animal  like 
the  earthworm  differs  from  the  condition  found  in  the  tapeworm.  The 
metameres  of  the  earthworm  develop  simultaneously  in  the  embryo  and 
are  not  budded  off  from  a  growing  region  as  in  the  tapeworm.  The  earth¬ 
worm  is  an  individual  divided  into  metameres;  the  tapeworm  is  properly 
regarded  as  a  colony  of  individuals,  each  of  which  is  represented  by  a 
proglottid. 
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Our  common  large  earthworm  known  also  as  angleworm  and  night- 
crawler  reaches  a  length  of  from  20  to  30  centimeters  (8  to  12  inches) 
(Fig.  22:1).  It  is  a  long  slender  worm  which  is  easily  distinguished  from 
one  of  the  Nemathelminthes  by  the  segments  or  metameres  into  which  its 
body  is  divided.  The  division  into  metameres  is  made  evident  externally 
by  grooves  encircling  the  body.  The  adult  earthworm  is  composed  of 
approximately  150  segments.  One  end,  which  is  the  more  pointed  and 


Fig.  22:1  An  earthworm  {Lumbricus  terrestris,  phylum  Annelida,  class  Chaetopoda, 
order  Oligochaeta).  Photograph  by  J.  W.  Mavor. 


usually  in  front  when  the  worm  crawls,  is  recognized  as  the  anterior  end ; 
the  other  end  which  is  blunter  and  flattened  dorsoventrally  is  the 
posterior  end.  At  the  anterior  end  is  the  mouth.  Projecting  over  the 
mouth  is  a  lobelike  structure,  the  prostomium,  which  resembles  a  met- 
amere  in  being  separated  by  a  groove  from  the  rest  of  the  body.  It  is  not, 
however,  regarded  as  a  metamere,  since  it  lacks  most  of  the  organs 
usually  present  in  a  metamere.  At  the  posterior  end  is  the  anus.  The 
dorsal  surface  of  the  body  is  rounded  while  the  ventral  surface  is  more 
flattened  and  possesses  in  each  metamere  four  pairs  of  small  toothlike 
projections,  the  setae.  If  the  earthworm  is  drawn  through  the  fingers 
these  setae  give  to  the  under  side  a  rough,  scrapy  feeling.  The  setae  enable 
the  earthworm  to  retain  a  firm  hold  in  its  burrow  and  to  resist  being 
pulled  out  of  it.  In  mature  (‘arthworms  the  region  of  the  body  extending 
from  the  thirty-first  or  thirty-second  to  the  thirty-seventh  metamere  is 
swollen.  "Phis  saddle-sha]:)('d  swelling,  called  the  clitellum,  is  due  to  the 
pres(‘nce  of  glands  whic  h  secrete  material  utilized  in  forming  a  cocoon 
in  which  the  (‘ggs  are  laid.  I  hc'  (‘xtc'rnal  surlace  of  the  body  is  covered 
with  a  thin  transparcait  cuticle.  Each  metamere  bc'yond  the  eighth  bears 
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Fig.  22:2  An  earthworm  dissected  from  the  dorsal  side  to  show  the  internal  organs. 
The  pins  are  inserted  at  intervals  of  five  metameres.  The  supraesophageal  or  cerebral 
ganglia  usually  lie  in  metamere  III ;  the  pharynx  in  metameres  IV  and  V ;  and  the  hearts 
in  metamere  VII  to  XI.  The  structures  labeled  “testes”  are  sperm  funnels;  no  testes  are 
shown.  The  seminal  vesicles  on  the  right  side  of  the  illustration  are  cut  away  so  as  to  reveal 
the  ovary  and  oviduct  which  lie  beneath  them.  The  nephridia  of  only  one  metamere  are 
shown.  Nephridia  occur  in  all  of  the  metameres  except  the  first  three  and  the  last.  Drawn 
by  B.  B.  Root,  from  Hegner,  College  Zoology ^  The  Macmillan  Company. 
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on  its  dorsal  side  near  the  next  anterior  metamere  a  minute  pore  by 
means  of  which  the  coelom  communicates  with  the  exterior.  A  number 
of  other  external  openings  occur,  which,  however,  can  be  best  considered 
in  connection  with  the  organs  with  which  they  connect. 

If  the  body  of  an  earthworm  is  slit  open  by  cutting  it  lengthwise,  it 
will  be  found,  like  that  of  Ascaris,  to  contain  a  cavity,  which  likewise 
surrounds  a  digestive  tract  extending  the  length  of  the  animal  (Fig.  22 :2). 
The  earthworm  is,  therefore,  like  Ascaris  in  possessing  the  tube-within- 
a-tube  type  of  body  structure,  but  its  body  cavity  is  a  true  coelom.  The 
coelom  of  the  earthworm  is  completely  lined  by  mesoderm,  into  it  open 
the  excretory  organs,  and  from  its  walls  arise  the  germ  cells.  The  coelom 
provides  space  for  a  number  of  organs  which  project  into  it,  such  as  the 
nephridia,  blood  vessels,  and  nerve  cord.  Due  to  the  presence  of  the  coe¬ 
lom  and  its  contained  coelomic  fluid,  the  digestive  tract,  blood  vessels, 
and  to  some  extent  the  nephridia  are  able  to  contract  and  expand  in¬ 
dependently  of  the  other  parts  of  the  body,  a  freedom  which  they  would 
not  enjoy  were  space  occupied  by  solid  tissue.  There  is  evidence  that  the 
coelom  serves  to  some  extent  for  the  transport  of  food  substances  and 
waste  products.  The  coelom  is  divided  transversely  by  thin  partitions, 
called  septa,  extending  from  the  body  wall  to  the  digestive  tract.  The 
attachments  of  the  septa  correspond  to  the  grooves  on  the  surface  of  the 
body.  The  coelom  is  thus  divided  into  compartments  corresponding  to 
the  metameres.  Small  openings  occur  in  the  septa  so  that  when  a  portion 
of  the  earthworm  contracts,  coelomic  fluid  flows  from  the  coelom  of  the 
contracting  metameres  into  the  coelom  of  the  adjacent  metameres.  The 
tube-within-a-tube  plan  of  structure  of  the  earthworm  is  well  shown  in 
a  transverse  section  (Fig.  22:3).  The  body  wall  which  forms  the  outer 
tube  appears  as  the  outer  ring  in  the  section.  This  is  separated  by  a  space, 
the  coelom,  from  the  inner  tube,  the  intestine,  represented  in  the  section 
by  the  inner  ring.  We  will  now  turn  to  a  more  detailed  study  of  the  sep¬ 
arate  organ  systems  or  parts  of  the  earthworm  and  will  begin  with  the 
body  wall. 

The  thin  transparent  cuticle  already  referred  to  covers  the  body  ex¬ 
ternally.  Under  this  is  the  epidermis,  a  layer  of  epithelial  cells  covering 
the  body,  which  secrete  the  cuticle.  In  the  epidermis  arc  gland  cells  which 
secrete  the  mucus  with  which  the  body  of  the  worm  is  usually  covered 
and  nerve  cells  which  arc  sensitive  to  light,  heat,  and  cold,  chemical 
changes  and  mechanical  contacts,  and  which  send  nerve  impulses  to  the 
central  nervous  system. 

Within  the  epidermis,  and  forming  with  it  the  body  wall,  aic  the 
circular  and  longitudinal  muscles.  I  he  circular  muscles  form  the  outer 


430 


THE  SEGMENTED  WORMS  Ch.  22 


layer  immediately  underlying  the  epidermis.  The  muscle  fibers  of  these 
muscles  run  with  their  axes  in  the  plane  of  the  section ;  their  contraction 
in  any  region  of  the  worm  tends  to  reduce  its  diameter.  Within  the  cir¬ 
cular  muscles  is  a  much  thicker  layer  of  longitudinal  muscles.  The  muscle 
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Fig.  22:3  Diagram  of  a  cross  section  of  an  earthworm  with  the  cell  layers  emphasized. 
The  epidermis,  intestinal  epithelium,  and  the  intestinal  cavity  have  been  labeled  respec¬ 
tively  —  ectoderm,  endoderm,  and  enteron.  From  Hegner,  College  Z'^ology^  The  Macmil¬ 
lan  Company. 


fibers  of  these  muscles  are  cut  across  in  the  section  since  they  run  length-  | 
wise  in  the  worm.  The  contraction  of  the  longitudinal  muscles  tends  to  | 
shorten  the  worm  in  the  region  in  which  the  contraction  occurs.  The|  i 
layers  of  circular  and  longitudinal  muscles  are  interrupted  where  the^  * 
setae  occur  and  at  various  external  openings.  The  setae  are  small,  tooth- 
like  structures  which  are  arranged  in  pairs,  there  being  four  pairs,  orj 
eight  setae,  in  each  metamere.  Two  of  these  pairs  are  ventral  and  twoi 
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lateral.  The  setae  are  actuated  by  muscles  and  can  be  either  protruded 
or  retracted. 

In  connection  with  the  structure  of  the  body  wall  the  method  of  loco¬ 
motion  of  the  earthworm  may  be  advantageously  studied.  Let  us  consider 
what  happens  when  the  worm  crawls  forward.  First  the  anterior  end  is 
moved  forward.  This  is  done  by  the  contraction  of  the  circular  muscles 
in  this  region.  The  coelomic  fluid  and  the  tissues  of  the  body  of  the  earth¬ 
worm,  like  those  of  any  organism,  are  practically  incompressible.  When, 
therefore,  the  contraction  of  the  circular  muscles  decreases  the  thickness 
of  the  body,  it  must  increase  its  length.  After  this  preliminary  elongation 
of  the  body  the  anterior  end  is  anchored  by  the  setae,  and  a  posterior 
portion  is  drawn  up  by  the  contraction  of  the  longitudinal  muscles.  The 
portion  drawn  up  is  then  anchored  as  was  the  anterior  portion,  and  a 
more  posterior  portion  is  drawn  up.  The  process  continues  until  the 
entire  length  of  the  worm  has  been  moved  forward.  In  going  into,  or 
coming  out  of,  its  burrow,  the  worm  uses  a  similar  method,  excepting 
that  the  body  is  anchored  in  the  burrow  by  an  annular  thickening  of  the 
body. 

The  digestive  system  of  the  earthworm  begins  at  the  mouth  which 
leads  into  a  muscular  pharynx.  The  muscles  of  the  pharynx  extend  from 
its  wall  radially  to  the  body  wall.  Their  contraction  enlarges  the  cavity 
of  the  pharynx  and  produces  a  suction  by  which  food  is  taken  in.  This 
food  consists  of  pieces  of  animal  and  vegetable  matter  which  the  earth¬ 
worm  collects  at  night  and  of  soil  which  it  passes  through  its  digestive 
tract  in  making  its  burrow. 

Following  the  pharynx  is  the  esophagus,  a  thin-walled  tube,  extend¬ 
ing  almost  to  the  fifteenth  segment.  On  either  side  of  the  esophagus  are 
calciferous  glands  which  secrete  calcium  carbonate  into  the  esophagus. 
The  calcium  carbonate  probably  serves  to  neutralize  acid  materials 
which  may  be  taken  in  with  the  food.  Beyond  the  fifteenth  segment  the 
digestive  tract  is  enlarged  into  a  thin-walled  crop  in  which  food  is  stored. 
Immediately  posterior  to  the  crop  is  the  gizzard,  a  thick-walled  muscular 
pouch  in  which  tlie  food  material  is  ground  up  into  fine  particles.  The 
grinding  process  is  helped  by  the  presence  of  grains  of  sand  and  othei 
hard  objects  ingested  with  the  food.  The  gizzard  leads  into  the  long, 
thin-walled  intestine  in  which  digestion  and  absorption  occur.  Digestion 
in  the  earthworm  is  probably  very  similar  to  that  in  a  higher  animal,  the 
carbohydrates,  fats,  and  proteins  l:)eing  acted  on  by  enzymes  secreted 
by  cells  in  the  wall  of  the  intestine.  Absorption  occurs  through  the  wall 
of  the  intestine.  The  absorbing  and  secreting  surface  of  the  intestine  is 
increased  by  a  dorsal  infolding  of  its  wall  to  form  a  structure  called  the 
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typhlosole.  This  appears,  in  the  transverse  section  (Fig.  22 : 3),  as  a  dorsal 
projection  into  the  cavity  of  the  intestine.  Covering  the  outer  surface 
of  the  intestine,  and  forming  a  mass  in  the  typhlosole  are  peculiar  yellow¬ 
ish  cells  called  chloragogen  cells.  The  exact  function  of  these  cells  is  not 
known  but  is  probably  excretory.  The  undigested  material,  of  which 
there  is  an  abundance,  is  passed  out  through  the  anus  and  forms  the 
“castings”  seen  on  lawns  and  other  places  where  earthworms  abound. 

Each  of  the  mctameres, 
excepting  the  first  three  and 
the  last,  has  its  own  pair  of 
excretory  organs,  or  ne- 
phridia  (Fig.  22:4).  These 
organs  will  be  considered  in 
some  detail  because  they 
arc  of  a  type  which  is  first 
encountered  here  and  which 
occurs  in  many  animals  and 
because  they  probably  are 
similar  to  the  primitive  type 
of  structure  from  which  the 
kidneys  of  the  higher  an¬ 
imals  have  been  evolved.  A 
nephridium  consists  essen¬ 
tially  of  a  coiled  tube,  opening  on  the  one  hand  into  the  coelom  by 
an  opening  called  the  nephrostome,  and  on  the  other  hand  to  the 
exterior.  The  nephridia  of  the  earthworm  occur  in  pairs,  one  on  either 
side  of  the  intestine  (Fig.  22:3)  attached  to  the  septa.  The  nephrostomes 
open  into  the  coelom  in  one  metamere,  and  the  nephridiopores  to  the 
exterior  in  the  metamere  posterior  to  it.  Glands  in  the  walls  of  the 
nephridial  tubes  excrete  waste  products  into  the  cavities  of  the  tubes, 
and  cilia  on  their  walls  cause  an  outward  flow  of  coelomic  fluid.  The 
fluid  flowing  out  through  the  nephridia  carries  the  waste  products  to  the 
exterior. 

On  account  of  its  size  and  rather  complicated  structure  the  earth¬ 
worm  requires  a  circulatory  system  to  carry  nutrient  material  from  the 
walls  of  the  digestive  tract  to  the  various  parts  of  the  body,  waste  mate¬ 
rials  from  the  various  parts  of  the  body  to  the  nephridia,  oxygen  from  the 
skin  to  the  tissues,  and  carbon  dioxide  from  the  tissues  to  the  skin.  The 
earthworm  is  the  first  of  the  lower  animals  in  which  we  have  encountered 
a  vascular  system.  The  blood  of  the  earthworm  consists  of  a  plasma  in 
which  colorless  corpuscles  float.  The  red  color  of  the  blood  is  due  to 


Fig.  22:4  Diagram  of  a  nephridium  of  an  earth¬ 
worm.  When  in  the  body  of  the  earthworm  the 
nephridium  is  invested  with  soft  tissue  and  the  loops 
of  the  tubule  are  crowded  together.  From  Wolcott, 
Animal  Biology^  McGraw-Hill  Book  Company,  Inc. 
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hemoglobin  dissolved  in  the  plasma.  The  blood  passes  anteriorly  along 
the  length  of  the  worm  in  a  dorsal  blood  vessel  which  lies  on  the  dorsal 
side  of  the  intestine  (Fig.  22:3).  In  the  anterior  region  surrounding  the 
esophagus  are  five  pairs  of  muscular  vessels  called  aortic  loops,  or  hearts 
which  force  the  blood  from  the  dorsal  vessel  to  a  ventral  vessel  lying 
below  the  intestine  (Fig.  22:5).  In  this  vessel  the  blood  passes,  posteriorly, 
in  the  part  behind  the  “hearts”  and,  anteriorly,  in  the  part  in  front  of 
the  “hearts.”  From  the  ventral  vessel  the  blood  passes  to  the  body  wall. 
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Fig.  22:5  Cross  sections  designed  to  show  the  circulation  of  the  blood  in  the  earthworm. 
A,  the  eleventh  segment;  B,  the  twelfth  segment.  From  Hcgncr,  College  ^oology\  The 
Macmillan  Company. 


nephridia,  and  the  ventral  portion  of  the  intestine.  A  single  subneural 
vessel  extends  longitudinally  ventral  to  the  nerve  cord  and  receives  blood 
from  the  nerve  cord  and  from  the  ventral  body  wall,  and  transmits  it  to 
parietal  vessels  arranged  a  pair  to  a  segment,  which  also  receive  blood 
from  the  body  wall  and  the  nephridia.  The  blood  from  the  parietal 
vessels  passes  into  the  dorsal  blood  vessel. 

In  the  nervous  system  of  the  earthworm  most  of  the  nerve  cells  arc 
grouped  together  to  form  ganglia.  I'Aeept  in  the  first  three  inctamcrcs 
all  of  these  ganglia  oceur  in  pairs  in  the  ventral  portion  of  the  coelom 
between  the  digestive  tract  and  the  body  wall,  one  pair  to  a  metamere 
(lug.  22:6).  The  (wo  ganglia  of  the  same'  metamere  and  the  ganglia  of 
successive  metamc'res  are  connected  by  nerve  fibers  arising  Irom  their 
nerve  cells,  the  whole  strueture  forming  a  nerve  cord.  7  here  are  no 
ganglia  in  the  first  (wo  melameres.  In  the  third  metamere,  instead  of 


434 


THE  SEGMENTED  WORMS  Ch.  22 


being  ventral,  the  ganglia  are  dorsal  to  the  pharynx  and  form  a  pair  of 
suprapharyngeal  ganglia  connected  to  the  ventral  nerve  cord  by  cir- 
cumpharyngeal  connectives.  From  the  ganglia  nerve  fibers  extend  to  the 
various  parts  of  the  body.  Some  of  these  are  sensory  fibers  arising  from 
sensory  nerve  cells  in  the  epidermis,  while  others  are  motor  fibers  arising 
in  the  ganglion  cells  of  the  nerve  cord  and  branching  in  muscles.  A  nerve 
fiber  contains  protoplasm  and  is  a  process  of  a  nerve  cell  comparable  to 
a  fine  pseudopodium  of  an  amoeba.  A  nerve  cell  with  all  its  processes  or 


Circumpharyngeal 
Cerebral  ganglion  connective 


Segmental  nerve 
;  VI 


Buccal  cavity 


Prostomium 


Mouth 


\  I 

Septal  nerve 


Subpharyngeal  ganglion 
Fig.  22:6  Earthworm.  Side  view  of  anterior  end  showing  the  cerebral  or  suprapharyn¬ 
geal  ganglion,  the  subpharyngeal  ganglia,  and  the  larger  nerv'es  of  one  side,  .\fter  Hess, 
from  Hegner,  College  ^oology,  The  Macmillan  Company. 


nerve  fibers  is  called  a  neuron.  The  term  “neuron”  is  therefore  equivalent 
to  “nerve  cell”  but  emphasizes  the  fact  that  the  processes  are  included. 

When  an  earthworm  is  stimulated,  let  us  say  by  being  touched  by  a 
hard  object,  and  moves  away,  this  movement,  due  to  the  contraction  of 
certain  of  its  muscles,  is  the  response  to  the  stimulus.  We  can  trace,  in  a 
general  way,  the  path  taken  by  the  nervous  impulse  in  such  a  reaction 
(Fig.  22:7).  The  stimulus  is  received  by  a  sensory  nerve  cell  located  in 
the  epidermis.  A  nerve  fiber  goes  from  this  cell  to  a  ventral  ganglion 
where  it  ramifies,  giving  rise  to  numerous  fine  branches.  The  nerve 
impulse  which  is  set  up  by  the  stimulus  in  the  sensory  nerve  cell  passes 
along  the  nerve  fiber  and  out  into  its  branches.  From  these  latter  it  passes 
over  to  another  set  of  fine  branching  nerve  fibers  which  arise  from  a  nerve 
cell  located  in  the  ventral  ganglion  and  called  a  motor  nerve  cell.  Besides 
the  fine  branches  which  put  it  into  communication  with  the  fibers  of  the 
sensory  cell,  the  motor  cell  gives  off  a  long  fiber  which  ramifies  in  the 
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muscles  of  the  body  wall,  sending  branches  to  muscle  cells.  The  nerve 
impulse  passes  along  this  latter  fiber  and  its  branches  and  causes  the 
muscle  cells  to  contract.  Exactly  what  the  nervous  impulse  is  will  not 
be  discussed  at  this  time.  The  course  which  the  nerve  impulse  takes  in 
passing  from  the  sensory  cell  to  the  muscle  cell  is  called  a  reflex  arc.  In 
some  cases  the  reflex  arc  is  not  so  simple  as  that  just  described.  A  third 
nerve  cell  called  in  this  case  an  association  neuron  may  intervene  between 
the  fibers  of  the  sensory  and  motor  neurons.  A  nervous  impulse  originat¬ 
ing  in  one  or  a  few  sense  cells  may  be  spread  by  association  neurons  to 
several  metameres  and  cause  many  muscle  cells  to  contract.  The  sense 
organs  of  the  earthworm  consist  entirely  of  separate  sense  cells  located 
in  the  epidermis.  The  earthworm  is  known  to  be  sensitive  to  light,  chemi- 


Ventral  nerve  cord 


Fig.  22:7  Diagram  of  a  portion  of  a  cross  section  of  an  earthworm,  showing  the  struc¬ 
tures  involved  in  a  reflex  arc.  The  epithelium  is  that  of  the  epidermis.  After  G.  H.  Parker. 


cal  substances,  heat,  and  vibrations.  Having  no  eyes  it  gets  its  informa¬ 
tion  regarding  the  form  and  size  of  objects  from  the  sense  of  touch. 

It  will  be  well  at  this  point  to  review  the  metamerism  of  the  earthworm. 
Each  mctamerc  has  been  found  to  contain  a  portion,  at  least,  of  each 
of  the  following  organs,  or  systems  of  organs:  epidermis,  circular  and 
longitudinal  muscles,  coelom,  nephridia,  digestive  tract,  nerve  ganglia, 
nerve  fibers,  sense  c(‘lls  —  in  fact  all  the  organs  necessary  to  carry  on  its 
individual  life. 

In  contrast  to  the  other  organ  systems,  the  reproductive  organs  are 
restricted  to  certain  metameres  in  the  anterior  portion  of  the  worm 
(I'ig.  22:2).  The  earthworm  is  hermaphroditic.  The  ovaries  are  a  pair 
of  minute  conical  bodies  lying  in  the  co('l(^m  of  the  thirteenth  metamere, 
each  attached  by  a  short  stalk  to  the  posterior  surface  of  the  septum 
sc'parating  m(*tam(‘r('s  tw(‘lv(*  and  thirteen  on  either  side  of  the  nei\c 
cord.  The  eggs  an‘  discharged  by  the  ovary  into  the  coelom.  Ciliated 
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funnels,  one  opposite  each  of  the  corresponding  ovaries  and  attached  to 
the  anterior  surface  of  the  septum  separating  metameres  thirteen  and 
fourteen,  carry  the  eggs  from  the  coelom  into  the  oviducts.  The  latter 
pass  through  the  septum  into  segment  fourteen  where,  after  enlarging 
to  form  egg  sacs,  they  pass  through  the  body  wall  to  open  to  the  exterior 
by  minute  openings  in  the  same  segment.  The  female  reproductive  organs 
include  two  pairs  of  seminal  receptacles,  small  saclike  structures,  in  the 


Seminal  groove 
B 


Openings  of  Opening  of 


Fig.  22:8  Reproduction  in  the  earthworm.  A,  two  individuals  enclosed  in  bands  of 
mucus.  B,  transverse  section  showing  seminal  grooves.  C,  the  path  of  the  seminal  fluid 
from  the  openings  of  the  vasa  deferentia  of  one  worm  to  the  openings  of  the  seminal 
receptacles  of  the  other.  D,  cocoon  containing  fertilized  eggs.  From  R.  H.  Wolcott,  Animal 
Biology^  McGraw-Hill  Book  Company,  Inc. 


ninth  and  tenth  segments.  These  communicate  with  the  exterior  through 
openings  on  the  ventral  surface,  between  the  ninth  and  tenth,  and  tenth 
and  eleventh  metameres,  respectively,  and  receive  spermatozoa  from  an¬ 
other  worm  (Fig.  22:2). 

The  testes  lie  in  the  tenth  and  eleventh  metameres  in  a  position 
corresponding  to  that  in  which  the  ovaries  lie  in  the  thirteenth  metamere. 
They  are  enclosed  in  saclike  seminal  vesicles  which  bulge  into  the  coelom 
of  the  ninth  to  the  twelfth  metameres.  The  cavities  of  the  seminal  vesicles 
are  parts  of  the  coelom  separated  from  the  main  coelom  in  development. 
In  the  tenth  and  eleventh  metameres,  where  the  seminal  vesicles  of  op¬ 
posite  sides  are  continuous,  pairs  of  funnel-shaped  openings  lead  from 
the  seminal  vesicles  to  pairs  of  vasa  deferentia  (singular,  vas  deferens, 
L.  vas,  a  vessel,  deferens,  carrying  down).  On  each  side  of  the  worm  the 
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two  vasa  defer entia  of  the  same  side  join  to  form  a  single  tube  which 
passes  posteriorly  to  open  to  the  exterior  by  a  pore  in  the  fifteenth  meta- 
mere  (Fig.  22:2). 

Although  the  earthworm  is  hermaphroditic,  self-fertilization  rarely, 
if  ever,  occurs,  the  eggs  of  one  worm  being  fertilized  by  the  sperm  from 
another  worm.  This  is  made  possible  through  the  process  of  copulation 
(Fig.  22:8).  When  this  occurs  the  two  worms  come  together  so  that  their 
anterior  ends  point  in  opposite  directions,  their  ventral  surfaces  are  in 
contact,  and  the  clitellum  of  one  worm  is  opposite  the  ninth  and  tenth 
metameres  of  the  other.  The  adhering  portions  of  the  two  worms  come 
to  be  enclosed  in  a  slime  tube  formed  from  mucus  secreted  by  the  worms. 
Grooves  on  the  ventral  surfaces  of  the  worms  conduct  the  sperms  of  one  to 
the  seminal  receptacles  of  the  other  and  vice  versa.  In  this  way,  while  one 
worm  is  passing  its  sperms  into  the  seminal  receptacles  of  another  worm, 
it  is  simultaneously  receiving  sperms  from  the  other  worm  into  its  own 
seminal  receptacles.  After  copulation  the  earthworms  separate  and  carry 
with  them  portions  of  the  slime  tube.  A  tubular  cocoon  is  formed  by 
each  worm  inside  its  portion  of  the  slime  tube  from  a  horny  substance 
secreted  by  the  clitellum  and  passed  forward  over  the  body  of  the  worm. 
As  this  cocoon  passes  the  openings  of  the  oviducts  (metamere  fourteen) 
eggs  arc  laid  into  it;  as  it  passes  metameres  ten  and  nine  the  spermatozoa 
received  from  the  other  worm  arc  passed  into  it  from  the  spermathecae 
and  fertilize  the  eggs.  In  the  cocoon  the  eggs  develop  into  young  embryo 
worms  which  escape  and  burrow  into  the  ground. 

Earthworms  perform  a  useful  and  important  work  in  the  soil.  They 
occur  in  all  parts  of  the  world  except  the  extreme  arctic  and  antarctic 
regions  and  desert  lands.  What  they  lack  in  size  they  make  up  for  in 
numbers.  It  has  been  estimated  that  there  are  twenty-seven  thousand  of 
them  in  an  acre  of  a  grain  field  and  about  twice  that  number  in  an  acre 
of  garden  soil.  They  are  constantly  taking  the  under  soil  from  below  the 
roots  of  plants  and  spreading  it  on  the  surface.  Their  castings  are  familiar 
evidence  of  their  burrowing  activity.  In  this  way  in  time  large  quantities 
of  soil  arc  transferred.  Charles  Darwin,  better  known  as  the  author  of  the 
Ori/^in  of  Species  and  advocate  of  the  theory  of  evolution,  studied  the 
activities  of  earthworms  and  wrote  a  book  entitled  The  Formation  oj 
Vendable  Mould  through  the  Action  of  Worms.  I  le  found  that  under  favorable 
conditions  earthworms  could  form  new  mold  on  the  surface  at  the  rate 
of  1  inch  in  thickiK'SS  in  5  to  10  years. 

The  imj)ortanc(*  of  earthworms  for  the  fertility  of  the  soil  and  the 
growth  of  plants  is  (‘asily  S(*(‘n.  Darwin  expressed  it  by  saying  that  the 
plough  is  one  of  the  most  ancient  and  valuable  ol  man  s  inv'entions,  but 
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long  before  he  existed  the  land  was  in  fact  regularly  ploughed  and  con¬ 
tinues  to  be  thus  ploughed  by  earthworms.”  In  moving  the  soil  from 
deeper  layers  to  the  surface,  not 
only  do  earthworms  break  it  up 
and  mix  it  with  organic  matter, 
but  they  also  by  their  burrows 
provide  easy  access  for  air  and 
water. 

2.  OTHER  ANNELIDS 

The  annelids  are  abundant  and 
widely  distributed.  The  earth¬ 
worm  is  somewhat  exceptional  in 
being  a  land  animal  as  most  of 
the  members  of  the  phylum  are 
aquatic.  Other  land  forms  are 
the  manure  worms  (genus  Eisenia) 
and  the  small  white  worms  {En- 
chytraeus  albidus)  often  used  to  feed 
small  animals  in  aquaria  and  ter¬ 
raria.  All  of  these  belong  to  the 
order  Oligochaeta  of  the  class 
Chaetopoda,  most  of  the  members 
of  which  occur  in  fresh  water. 

Some  of  these  are  quite  small  like 
the  little  Nais  often  found  among 
algae  collected  from  ponds.  Tubijex 
is  a  common  form  which  lives  on 
the  muddy  bottoms  of  ponds.  It 
forms  a  tube  in  the  mud  from 
which  the  hind  end  of  its  reddish 
body  protrudes  and  waves  about. 


Posterior 

sucker 


Fig.  22:9  A 
polychaete 
worm,  Nereis. 
After  Oersted, 
from  Shipley 
and  Mac- 
Bride,  The 
Cambridge 
University 
Press. 


Fig.  22:10  Hirudo  rnedi- 
cinaliSi  a  leech.  After 
Shipley  and  MacBride, 
from  Hegner,  College 
ology^  The  Macmillan 
Company. 


The  members  of  Polychaeta  (Fig.  3:19),  the  other  order 
into  which  the  Chaetopoda  are  divided,  are  almost  ex¬ 
clusively  marine.  They  show  great  variety  of  size,  structure, 
and  modes  of  life.  Many  are  found  in  burrows  in  mud  or  sand  flats 
as  for  example  the  clamworm.  Nereis  (Fig.  22:9).  Others  like  the  ‘‘sea 
mouse,”  Aphrodite.,  crawl  over  the  bottom.  Still  others  spend  their  lives 
swimming  near  the  surface  of  the  sea.  Like  the  earthworm  they  pro¬ 
vide  food  for  larger  animals. 
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The  leeches  (Fig.  22:10),  class  Hirudinea,  are  a  rather  uniform  and 
specialized  group  living  on  the  blood  of  other  animals  in  the  sea,  fresh 
water,  and  on  land. 

3.  THE  PLAN  OF  STRUCTURE  AND  THE  CHARACTERISTICS  OF 
THE  PHYLUM  ANNELIDA 

The  tube-within-a-tube  plan  of  structure  is  perfected  in  the  Annelida 
to  the  extent  that  the  coelom,  now  a  true  coelom,  is  lined  throughout 
with  mesoderm.  To  the  tube-within-a-tube  plan  has  been  added  metam¬ 
erism,  which  consists  in  the  transverse  division  of  the  body  into  a  num¬ 
ber  of  metameres  which  are  similar  and  possess  the  more  essential  vegeta¬ 
tive  organs.  A  distinction  is  to  be  made  between  metamerism  and 
strobilization  as  seen  in  the  Scyphozoa  and  Cestoda.  In  metamerism  the 
metameres  develop  simultaneously  and  remain  together  forming  the 
body  of  an  individual,  while  in  strobilization  the  medusae,  or  proglottids, 
are  formed  as  a  succession  of  buds  at  one  end  of  the  strobila,  or  scolex, 
and  reach  maturity  at  different  times. 

An  entirely  new  type  of  excretory  organ,  the  nephridium,  appears  in 
the  Annelida.  A  nephridium  is  typically  an  elongated  tube  with  excretory 
gland  cells  and  cilia  in  its  wall,  opening  at  one  end  into  the  coelom  and 
at  the  other  either  directly  to  the  exterior  or  indirectly  through  a  duct. 

Increased  size  and  complication  of  structure  have  led  to  the  develop¬ 
ment  of  a  circulatory  system  consisting  of  blood  vessels,  some  of  which 
have  muscular  walls  and  pump  the  blood  to  the  various  parts  of  the  body. 

This  same  increase  in  size  and  complication  has  brought  about  the 
centralization  of  the  nerve  cells  to  form  ganglia  which  are  connected  to 
form  a  ventral  nerve  cord. 


Topical  Outline  of  Chapter  22 

1.  The  earthworm,  Lumhricus  terrestris 
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Questions 

1.  Define  the  terms  coelom  and  nuUamerism. 

2.  I-Aplain  in  detail  how  the  earthworm  is  huilt  on  the  tuhe-within-a-tube  plan. 

3.  Descrihe  the  locomotion  of  the  earthworm  from  the  point  of  view  of  the 
muscles  involved. 
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4.  Describe  the  digestive  system  of  the  earthworm.  Can  you  account  for  its 
relatively  large  size? 

5.  Describe  a  nephridium.  What  is  its  function? 

6.  Describe  the  circulatory  system  of  the  earthworm.  What  is  the  advantage 
of  such  a  system  in  the  earthworm? 

7.  Describe  the  nervous  system  of  the  earthworm. 

8.  Trace  the  path  of  a  reflex. 

9.  What  forms  of  stimuli  is  an  earthworm  adapted  to  receive? 

10.  Discuss  in  detail  the  structure  and  functions  of  the  reproductive  organs  of 
the  earthworm.  How  is  cross-fertilization  ensured? 

1 1 .  Discuss  briefly  the  plan  of  structure  of  the  earthworm.  How  does  it  differ 
from  that  of  a  planarian? 
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The  Arthropods  —  Cephalizafion  — 
Jointed  Appendages  (Phylum 
Arthropoda) ' 


1.  GENERAL  DISCUSSION 

There  are  more  known  species  of  arthropods  than  of  all  the  other 
known  species  of  plants  and  animals  combined.  It  can  be  said  that 
roughly  of  the  somewhat  less  than  a  million  known  species  of  organisms, 
more  than  half,  i.e.,  about  six  hundred  thousand,  are  arthropods  while 
the  rest  are  about  equally  divided  between  the  other  animals  and  plants. 
The  phylum  includes  lobsters,  crayfish,  centipedes,  millipedes,  insects, 
and  spiders. 

To  the  structural  advances  shown  in  the  annelids,  tube-within-a-tube 
body,  metamerism,  and  organ  systems,  the  arthropods  have  made  two 
important  additions.  Although  the  word  “head”  has  been  used  in  de¬ 
scribing  the  members  of  some  of  the  phyla  previously  considered,  in  no 
case  is  there  a  sharp  differentiation  of  the  body  into  different  parts.  In  the 
phylum  Arthropoda  this  differentiation  of  the  body^takes  place;  certain 
of  the  most  anterior  mctamcrcs  have  become  differentiated  into  a  head, 
and  in  the  more  specialized  members  of  the  group  a  thorax  and  an  abdo¬ 
men.  Not  only  is  the  body  divided  in  this  way,  but  the  sense  organs  come 
to  be  located  in  the  head  and  the  nervous  system  is  larger  and  more 
highly  developed  in  the  anterior  than  in  more  posterior  metameres. 
Thus  the  control  of  the  body  comes  to  be  more  and  more  located  in  the 
anterior  portion.  'This  evolutionary  tendency,  which  reaches  its  greatest 
development  in  tlu'  vertebrates  and  man  in  particular,  is  called  ceph- 
alization  (Clr.  cephalnn^  lu'ad).  d  lu'  seeond  contribution  of  the  arthropods 
is  found  in  the  development  of  jointed  appendages.  It  is  this  characteristic 
which  has  given  th(‘  name  to  the  j)hylum  ((Ir.  arlhros^  a  joint  +  pouSy  a 
foot).  The  develoj)ment  of  this  tyjK*  ol  appendage  is  made  possible  in  the 

'  rtic  .sections  (Icalint^  witli  the  rrayfish,  ^grasshopper,  and  l)ce  arc  independent  so  that 
any  one  or  two  may  he  ojiiitted,  aerordinp  to  the  judgment  of  tlie  instructor,  without 
seriotisly  int('rrupting  the  continuity  of  the  text. 
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arthropods  by  the  development  over  the  entire  surface  of  the  body  of  a 
hard  chitinous  exoskeleton  which  is  thin  and  flexible  where  the  joints 
occur. 

The  exoskeleton  is  composed  of  a  substance  called  chitin  which  is 
secreted  by  the  outer  cellular  layer  of  the  skin,  called,  in  arthropods, 
the  hypodermis.  What  appear  to  be  solid  plates  or  processes  projecting 
from  the  surface  of  the  body  are  in  reality  folds  or  outpocketings  of  the 
hypodermis  covered  with  chitin.  The  fine  hairs  which  occur  in  certain 
species  are  formed  by  special  cells  of  the  hypodermis.  Where  joints  occur 
the  exoskeleton  is  thin,  elastic,  and  usually  folded  to  allow  movement. 

The  phylum  Arthropoda  is  divided  into  five  classes.  We  will  refer  to 
only  three  of  these. 

The  class  Crustacea  includes  lobsters,  crayfish,  shrimps,  crabs,  bar¬ 
nacles,  and  the  extinct  trilobites.  Nearly  all  of  them  are  aquatic  animals 
and  breathe  by  means  of  gills. 

The  class  Insecta  includes  all  the  many  kinds  of  insects  such  as  cock¬ 
roaches,  grasshoppers,  dragonflies,  houseflies,  butterflies,  moths,  beetles, 
bees,  and  ants.  In  insects  the  body  is  divided  into  head,  thorax,  and  abdo¬ 
men.  The  thorax  bears  three  pairs  of  legs  and  frequently  also  two  pairs 
of  wings.  The  abdomen  is  without  paired  appendages  except  a  pair  of 
ovipositors,  or  egg  placers,  in  the  female.  Insects  are  land  animals  and 
breathe  air,  but  many  species  live  in  water  during  the  early  (larval)  part 
of  their  lives. 

The  class  Arachnida  includes  spiders,  daddy  longlegs,  scorpions,  mites, 
ticks,  an  interesting  “living  fossil”  known  as  the  king  crab,  and  the  ex¬ 
tinct  eurypterids,  scorpionlike  creatures  which  reached  a  length  of  5  feet. 
Arachnids  can  usually  be  easily  distinguished  from  insects,  which  form  the 
previous  group,  by  the  fact  that  most  of  them  have  eight  legs  (four  pairs). 

2.  TYPES  OF  ARTHROPODS 
A.  THE  CRAYFISH 

The  crayfish,  sometimes  referred  to  as  crawfish,  is  a  near  relative  of 
the  more  familiar  lobster,  but  while  lobsters  live  in  the  sea,  the  crayfish  is 
a  fresh-water  animal,  living  in  small  streams  and  along  the  shores  of 
ponds.  It  usually  remains  hidden  during  the  day  but  is  active  at  night. 
The  common  American  crayfishes  belong  to  the  genus  Cambarus. 

(1)  EXTERNAL  FEATURES  AND  APPENDAGES 

The  body  of  a  crayfish  or  lobster  (Fig.  23:1)  is  readily  seen  to  be 
divided  about  the  middle  into  an  anterior  portion  called  the  cephalo- 
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thorax  (Gr.  cephalon,  head  +  thorax,  chest),  and  a  posterior  portion  called 
the  abdomen.  A  closer  inspection  of  the  abdomen  shows  it  to  be  divided 
into  six  ringlike  segments  somewhat  similar  to  the  metameres  of  the 

Cephalothorax 


Fig.  23:1  External  features  of  a  lobster.  After  Caiman,  from  Hegner,  College  Z^^togy, 
The  Macmillan  Company. 


earthworm.  The  segments  of  the  abdomen  are  indeed  true  metameres 
as  will  later  be  clear  from  a  study  of  their  external  and  internal  structure. 
The  cephalothorax  is  composed  of  a  head  and  thorax  which  have  be- 

Dorsal  blood 


Fig.  23:2  A  cross  section  of  the  abdomen  of  a  crayfish  cut  between  the  second  and 
third  abdominal  segiiK'nts,  showing  the  third  pair  of  abdominal  appendages. 

cornc  secondarily  fu.srd  into  one;  tlic  more  |)rimitive  relatives  ol  the  cray¬ 
fish  have  the  head  and  thorax  separated.  The  metamerism  ol  the  ceph¬ 
alothorax  is  masked  by  the  development  of  a  rigid  shell  or  carapace 
which  covers  it  dorsally  and  at  the  side,  d  he  exoskeleton  conlorms  cUxsely 
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to  the  shape  of  the  body  and  protects  and  supports  the  soft  parts.  At  the 
joints  it  is  thin  and  flexible.  The  relation  of  the  exoskcleton  to  the  other 
parts  of  the  body  is  well  seen  in  a  cross  section  of  the  abdomen  passing 
through  a  metamere  (Fig.  23:2).  The  dorsal  portion  called  the  tergum 
is  convex  and  is  continuous  at  each  side  with  a  projecting  fold  called  the 


Fig.  23:3  Appendages  of  a  crayfish.  After  Kerr,  from  Hegner,  College  ^oology,  The 
Macmillan  Company. 

pleuron  (plural,  pleura).  The  covering  of  the  ventral  side,  which  is  flat¬ 
tened,  is  called  the  sternum.  The  sternum  is  transparent,  flexible,  and 
thinner  than  the  tergum  or  pleura.  The  appendages  are  attached  laterally 
on  either  side  of  the  sternum. 

The  body  consists  of  nineteen  metameres,  thirteen  in  the  cephalo- 
thorax  and  six  in  the  abdomen.  Each  metamere  bears  a  pair  of  append¬ 
ages.  Since  the  differentiation  of  the  metameres  and  of  the  appendages 
takes  place  from  anterior  to  posterior,  the  more  highly  differentiated 
structures  being  anterior,  the  appendages  showing  the  most  primitive 
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and  simplest  plan  of  structure  are  those  borne  on  the  abdominal  segments. 
We  will  begin  our  study  with  a  typical  abdominal  appendage.  Such  an 
appendage  (Fig.  23:2)  consists  of  a  short,  straight  part  divided  trans¬ 
versely  into  two  segments  called  a  protopodite,  and  two  flat,  flaplike 
portions,  each  movably  attached  to  the  protopodite.  The  outer  of  these 
flat  portions  is  called  the  exopodite,  and  the  inner  the  endopodite.  The 
plan  of  structure  shown  in  the  abdominal  appendages  and  called  bira- 
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Fig.  23:4  Crayfish,  Camharus  affinis,  male.  Dissection,  lateral  view.  Cerebral  ganglion 
is  equivalent  to  suprac'sophageal  ganglion,  from  L.  L.  Woodruff,  Animcd  Biology,  The 
Macmillan  Company. 

mous  (L.  hi,  two  T  ramus,  a  branch)  is  found  in  a  more  or  less  modified 
form  in  the  oilier  appendages  of  the  crayfish. 

The  eyes,  although  stalked  and  movable,  arc  not  regarded  as  append¬ 
ages  because  they  do  not  show  the  typical  biramous  structure.  The  first 
and  second  pairs  of  appendages,  called  antennules  and  antennae,  re¬ 
spectively,  art'  organs  of  touch  and  taste.  In  an  antennule  (Fig.  23.3)  the 
exopodite  and  endoiiodite  each  consist  of  many  segments.  Since  the  pro- 
lopodite  contains  thret'  st'gineiUs  there  is  some  doubt  whether  the  anten- 
niiles  are  really  comparable  to  the  other  appendages.  This  is  not  true  of 
the  antennae*  wh(‘r(*  the*  jirotopodite'S  consist  of  two  segments.  The  exo¬ 
podite  of  the  an((*nna  is  a  flat,  scalelike  structure  consisting  of  a  single  seg- 
nu'nt,  while  the  endopodite*  is  many  jointed  and  nearly  as  long  as  the  body. 

'I’he  nuMith  e)!  (he-  e  raylish  opens  ein  the  under  side  of  the  head  (Fig. 
23:4),  and  (he*  feieiel  is  passed  feirwarel  and  upward  to  it  from  the  under 
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side  of  the  thorax.  Six  pairs  of  appendages  play  the  parts  of  knives,  forks, 
and  spoons.  These  appendages  move  from  side  to  side,  tearing  and 
working  the  food  toward  the  mouth.  They  consist  of  one  pair  of  mandibles, 
two  pairs  of  maxillae,  and  three  pairs  of  maxillipeds.  In  describing  them 
it  is  well  to  begin  with  the  third  maxillipeds.  If  the  antennules  are  desig¬ 
nated  the  first  pair  of  appendages,  then  the  third  maxillipeds  are  the 
eighth  pair  (see  table  of  appendages).  The  third  maxillipeds  (L.  maxilla, 
jaw  +  pes,  foot)  are  relatively  large  and  possess  well-developed  protopo- 
dites,  endopodites,  and  exopodites.  The  second  and  first  maxillipeds  are 
progressively  smaller  and  more  flattened.  The  maxillae  are  still  smaller 
and  more  flattened  than  the  maxillipeds.  The  mouth  is  guarded  by  the 
mandibles  or  jaws.  It  is  interesting  to  note  that  in  the  crayfish  the  mandi¬ 
bles  work  from  side  to  side  instead  of  up  and  down  as  do  our  jaws;  also 
in  the  crayfish  the  mandibles  are  outside  the  actual  mouth  opening  and 
are  really  appendages  or  modified  legs.  The  part  of  the  appendage  which 
acts  as  a  jaw  is  the  first  segment  of  the  protopodite.  The  second  segment 
of  the  protopodite  is  small  and  supports  a  small  endopodite  or  palp.  The 
exopodite  is  absent. 

The  most  conspicuous  appendages  of  a  crayfish  or  lobster  are  pairs 
numbered  nine  to  thirteen  called  walking  legs.  The  ninth  pair  which  bear 
the  pincers  are  also  called  chelipeds,  from  the  Greek  word  chela  meaning 
“claw”  and  the  Latin  word  pes  meaning  “foot.”  In  these  appendages 
the  exopodites,  although  present  in  the  embryo,  are  absent  in  the  adult. 
The  pincers  are  formed  by  the  last  and  next  to  the  last  segments  of  the 
endopodite,  the  end  of  the  latter  growing  out  to  form  a  fixed  jaw  against 
which  the  last  segment  is  movable. 

The  first  two  pairs  of  abdominal  appendages,  numbers  fourteen  and 
fifteen,  take  the  form  of  copulatory  organs  in  the  male  and  come  together 
to  form  a  pair  of  tubes  through  which  the  sperm  is  passed  to  the  seminal 
receptacles  of  the  female;  in  the  female  these  appendages  are  rudimen¬ 
tary.  The  third  to  fifth  abdominal  appendages,  called  pleopods  or  swim- 
merets,  have  the  typical  structure  already  described,  and  are  used  to 
create  a  current  of  water  under  the  body  and  in  the  female  serve  also  for 
the  attachment  of  eggs  during  the  breeding  season.  The  last  pair  of  ab¬ 
dominal  appendages,  number  nineteen,  are  called  uropods  (Gr.  ura, 
tail).  In  these  the  protopodite  consists  of  one  broad  segment,  the  exopodite 
of  an  oval  plate  divided  by  a  transverse  groove  and  the  endopodite  of  a 
similar  but  undivided  plate.  The  uropods  are  used  when  the  crayfish 
swims  backward  by  bending  its  abdomen  under  its  thorax.  The  abdomen 
ends  in  a  flattened  structure  called  the  telson  on  the  ventral  surface  of 
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which  is  the  anus.  It  is  doubtful  whether  the  telson  represents  a  terminal 
metamere. 


Endopod 


Fig.  23:5  Mysis  stage  of  lobster. 
Redrawn  from  Calkins,  Biology,  after 
Herrick,  by  permission  of  Henry  Holt 
and  Company,  Inc. 


Fig.  23:6  Mysis  {Michtheimysis  stenolepis) .  A 
relative  of  the  crayfish  with  biramous  “walk¬ 
ing  legs.”  From  Hegner,  College  Zoology,  The 
Macmillan  Company. 


The  structure  of  the  appendages  can  be  understood  best  after  a  study 
of  their  development  in  the  young.  The  young  lobster  happens  to  be  a 


TABLE  23:1.  APPENDAGES  OF  CRAYFISH 


Head 


Thorax 


Abdomen 


SEC- 

SEG¬ 

SEG¬ 

MENTS  IN 

MENTS  IN 

MENTS  IN 

NUMBER 

NAME  PROTOP- 

EXOPO- 

ENDOP- 

FUNCTION 

ODITE 

DITE 

ODITE 

I 

Antennulo 

3 

Many 

Many 

Touch,  taste,  equilibration 

II 

Antenna 

2 

1 

Many 

((  fcC 

III 

Mandible 

2 

0 

2 

Crushing  food 

IV 

Maxilla 

2 

0 

1 

Passes  food  forward 

V 

Maxilla 

2 

1 

1 

Makes  current  of  water 

VI 

Maxillipcd 

2 

Many 

2 

Touch,  taste,  passes  food 

VII 

Maxillipcd 

2 

Many 

5 

CC  ((  cc  cc 

VIII 

Maxillipcd 

2 

Many 

5 

((  cc  <c  cc 

IX 

Chclipicd 

2 

0 

5 

OlTense,  defense 

X 

Walking  leg 

2 

0 

5 

Walking 

XI 

Walking  leg 

2 

0 

5 

CC 

XII 

Walking  leg 

2 

0 

5 

CC 

XIII 

Walking  leg 

2 

0 

5 

cc 

XIV 

Plcopod 

Redueed  in  9 ,  copulation 
in  c^* 

XV 

PIcojxxl 

Reduced  in  9  ,  copulation 
in  cf 

XVI 

Plcopod 

2 

Many 

Many 

Movement  of  water,  attaeh- 
ment  of  eggs  in  9 

XVII 

Plcopod 

2 

Many 

Many 

Movement  of  water,  attach¬ 
ment  of  eggs  in  9 

XVIII 

Plcopod 

2 

Many 

Many 

Movement  of  water,  altaeh- 
ment  of  eggs  in  9 

XIX 

Uropixl 

1 

1 

1 

Swimming 

♦The  sign  cf*  (Ihjw  and  arrow)  signifies  male,  wliilc  the  sign  9  (hand  mirror)  signifies 
female. 
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better  object  in  which  to  study  this  development  than  the  crayfish.  It 
will  be  sufficient  for  our  present  purpose  if  we  study  a  stage  called  the 
mysis  stage  (Fig.  23:5),  so  named  because  it  resembles  a  small  shrimp¬ 
like  animal  named  Mysis  (Fig.  23:6).  In  the  mysis  stage  all  of  the  append¬ 
ages,  except  the  first  pair  or  the  antennules,  show  the  structure  of  a  typi¬ 
cal  biramous  appendage,  a  protopodite  consisting  of  two  segments,  an 
exopodite  and  an  endopodite.  In  the  later  stages  of  development  this 
structural  plan  becomes  modified  as  already  noted  in  the  description  of 
the  appendages. 

(2)  INTERNAL  STRUCTURE 

The  body  of  the  crayfish,  like  that  of  the  earthworm,  shows  a  tube- 
within-a-tube  structure,  the  exoskcleton,  with  its  attached  muscles  form¬ 
ing  the  outer  tube  while  the  digestive  tract,  which  is  enlarged  anteriorly 
forming  the  stomach,  constitutes  the  inner  tube  (Fig.  23:4).  The  true 

coelom  is  much  reduced  and  is 
represented  in  the  adult  only  by 
the  cavities  of  the  gonads  and 
excretory  organs. 

The  muscles  of  the  crayfish 
move  the  parts  of  the  exoskele¬ 
ton.  Their  action  is  well  illus¬ 
trated  in  a  claw  (Fig.  23:7).  As 
explained  in  discussing  the  ap¬ 
pendages,  the  claw  is  formed  by 
the  last  and  next  to  the  last  seg¬ 
ments  of  the  appendage,  a  proc¬ 
ess  growing  out  from  the  next 
to  last  segment  and  forming  one 
of  the  jaws  of  the  pincer  while 
the  other  jaw  is  formed  by  the 
last  segment.  The  joint  between  the  two  jaws  thus  formed  contains 
two  hinges,  one  on  either  side  of  the  claw.  These  hinges  keep  the  jaws 
moving  in  the  same  plane.  Over  the  rest  of  the  joint  the  exoskele¬ 
ton  is  soft  and  flexible.  Two  muscles  are  responsible  for  the  movements  of 
the  jaws,  an  extensor  muscle  and  a  flexor  muscle.  The  extensor  muscle 
opens  the  jaws.  It  is  attached  to,  or  inserted  on,  the  exoskeleton  near  the 
base  of  the  outer  side  of  the  last  segment  and  to  the  exoskeleton  of  the 
corresponding  side  of  the  next  to  the  last  segment.  This  latter  place  of 
attachment  may  be  called  its  origin.  Since  this  muscle  lies  outside  a  line 
joining  the  two  hinges  it  is  easily  seen  that  when  the  muscle  contracts 


Fig.  23:7  Muscles  of  the  claw  of  a  crayfish. 
Redrawn  after  Huxley,  The  Crayfish,  by  per¬ 
mission  of  D.  Appleton-Century  Company, 
Inc. 
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the  jaw  moves  away  from  its  partner,  opening  the  pincer.  The  flexor 
muscle  is  much  the  larger  and  its  action  closes  the  jaws.  It  is  attached, 
or  inserted  on,  the  inner  side  of  the  base  of  the  exoskeleton  of  the  last 
segment  and  to  the  side  of  the  exoskeleton  of  the  next  to  last  segment. 
Since  the  line  of  action  of  this  muscle  lies  inside  the  line  joining  the  hinges, 
when  it  contracts  the  jaw  closes  on  its  fellow,  a  fact  of  which  the  unwary 
handler  of  these  animals  may  become  suddenly  conscious. 
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Fig.  23:8  Clrayfish.  Diagram  of  a  cross  section  showing  arrangement  of  the  gills  and 
some  of  the  internal  organs.  T’rom  Ilegner,  College  Z^ohg)\  The  Macmillan  Company. 


Artery  to  leg 


The  digestive  system  of  the  crayfish  (I'  ig-  23:4)  resembles  that  of  the 
earthworm  althougli  dilfering  from  it  in  many  details.  A  short  esophagus 
leads  from  the  mouth  to  a  large*  stomach  which  is  divided  into  three  parts: 
an  antx'rior  part,  tlu*  cardiac  portion,  an  intermediate  portion  called  the 
gastric  mill,  and  a  poste'rior  j)art,  the  pyloric  portion.  The  pyloric  portion 
of  tli(‘  stomach  is  continuous  with  the*  long,  line  intestine  which  opens 
to  the  ('xtc'rior  by  the*  anus.  A  |^nir  ol  digestive  glands  discharge  thcii 
seen'tions  into  the  ant(‘rior  portion  ol  the*  intestine.  1  he  chitinous  covci- 
ing  of  lh(‘  body  is  fohh'd  in  at  the  mouth  and  anus  so  that  the  stomach  and 
all  of  the  intestine  rxerpi  a  short  i)ortion  just  posterior  to  the  stomach, 
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called  the  mid-gut,  are  lined  with  chitin.  In  the  gastric  mill  this  chitin  is 
thickened  to  form  three  teeth  which  complete  the  tearing  up  of  the  food 
begun  by  the  appendages.  Absorption  of  digested  food  takes  place  only 
through  the  cells  lining  the  mid-gut  and  the  digestive  glands.  The  food 
passes  into  the  cavities  of  the  digestive  glands  through  their  ducts. 

The  respiratory  system  of  the  crayfish  consists  of  a  scries  of  plumelike 
external  gills  attached  to  certain  of  the  thoracic  appendages  and  con¬ 
cealed  under  the  lateral  folds  of  the  carapace,  which  form  a  gill  chamber 
on  cither  side  (Fig.  23:8).  A  current  of  water  through  the  chamber  and 
over  the  gills  is  kept  up  by  a  chitinous  plate  attached  to  the  second 
maxilla. 

The  excretory  system  is  limited  to  a  single  pair  of  organs  resembling 
nephridia,  located  one  at  the  base  of  each  antenna  and  opening  by  a  duct 
on  the  first  segment  of  the  protopoditc. 

The  vascular  system  of  the  crayfish  differs  in  many  respects  from  that 
of  the  earthworm.  In  the  first  place  it  is  not  a  closed  system  of  vessels 
within  which  the  blood  is  confined,  for  the  blood  goes  from  the  arteries 
into  blood  sinuses  which  arc  merely  spaces  between  the  tissues.  These 
blood  sinuses  constitute  what  is  called  a  hemocoel  or  blood  cavity. 
Secondly  there  is  a  definite  pumping  organ  called  the  heart  (Fig.  23:4). 

The  heart  lies  in  a  pericardial  sinus  in  the  thorax  dorsal  to  the  intestine. 
It  contracts  rhythmically  and  pumps  the  blood  into  arteries,  of  which 
there  are  a  number,  some  taking  blood  to  the  head  and  thorax  and  others 
to  the  digestive  glands  and  intestine.  A  large  artery  runs  ventrally  con¬ 
necting  with  a  ventral  artery.  From  the  arteries  the  blood  goes  to  fine 
tubes  called  capillaries.  The  ends  of  the  capillaries  open  into  blood  sinuses 
which  return  the  blood  to  the  pericardial  sinus.  On  its  way  the  blood 
passes  into  and  out  of  sinuses  in  the  gills  where  it  receives  oxygen  and 
loses  carbon  dioxide. 

Of  all  the  organ  systems  of  the  crayfish,  the  nervous  system  and  the 
sense  organs  show  the  greatest  advance  beyond  those  of  the  earthworm. 
Although  the  whole  of  the  outer  surface  of  the  body  is  sensitive  to  touch 
and  taste,  the  surface  of  the  pincers  has  been  found  to  be  most  sensitive 
to  touch  and  the  outer  ramus  (exopodite)  of  the  antennules  the  most  sen¬ 
sitive  to  taste.  It  seems  that  the  crayfish  is  without  any  sense  of  hearing. 
The  sense  of  equilibrium,  which  helps  to  enable  the  crayfish  to  maintain 
an  upright  position,  is  located  in  two  small  chitin-lined  sacs  contained  in 
the  basal  segments  of  the  antennules.  Grains  of  sand  rolling  around  in 
these  sacs  stimulate  sensory  hairs  projecting  from  the  wall.  The  sense  of 
sight  is  well  developed.  The  two  compound  eyes  are  at  the  ends  of  mov¬ 
able  stalks  and  can  be  directed  independently  over  a  large  field.  Each 
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compound  eye  is  composed  of  approximately  twenty-five  hundred  single 
eyes  or  ommatidia  (Fig.  23:9).  Each  ommatidium  resembles  a  minute 

,  Nerve  fibers 
Ommatidia 


^-^^Optic  ganglion 


-Eye  muscles 


-  Optic  nerve 

A  B 

Fig.  23:9  Crayfish.  A,  eye  in  longitudinal  section.  B,  diagram  of  part  of  a  compound 
eye  showing  how  rays  of  light  are  absorbed  by  the  pigment  surrounding  the  ommatidia 
and  that  only  those  that  pass  through  the  center  such  as  a-a\  b-b\  etc.,  reach  the  nerve 
fibers.  From  Hegner,  College  Zoology,  The  Macmillan  Company. 

telescope  directed  at  a  point  in  space.  It  does  not  give  an  individual  pic¬ 
ture  but  only  a  light  or  dark  spot.  The  arrangement  of  these  light  or 
dark  spots  at  the  back  of  the  crayfish’s  eye  gives  it  a  mosaic  or  patchwork 
picture  of  the  field  of  vision. 

The  picture  which  the  cray¬ 
fish  sees  is  flat  and  the  picture 
seen  by  one  compound  eye  is 
different  from  that  seen  by  the 
other  unle.ss,  as  seldom  hap¬ 
pens,  both  eyes  are  directed 
in  the  same  direction.  Tlu* 
eye  of  the  crayfish  would  .seem 
to  be  well  adapted  for  th(‘ 
detection  of  moving  objects. 

The  central  nervous  sys¬ 
tem  of  the  erayhsh  is  not  un¬ 
like  that  of  the  earthworm  but 
it  conforms  to  tin*  ce|)haliza- 
tion  of  the  other  organs  of  tlu‘ 
animal’s  body  (lug.  23:10).  In 
the  embryo  eaeh  of  tlu*  nin(‘- 
teen  iiKdamercs  has  its  own 
pair  of  gani'lia.  In  the  adult, 
however,  the  two  ganejia  ('(;n- 
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Fig.  23:10  Ccnlral  nervous  system  of  the  crav- 
lisii  (Asidius  Jluvintilis),  viewed  from  above.  .Alter 
Iluxley,  I  he  ('tarfisli,  by  permi.s.sion  of  D.  .\{)ple- 
lon-C(  ntury  Comp.my,  Ine. 
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stituting  a  pair  in  each  metamerc  are  fused  and  certain  fusions  occur 
between  the  ganglia  of  different  metameres.  Thus  the  ganglia  of  the  lirst 
and  second  metameres  fuse  to  form  a  supraesophageal  ganglion  and 
the  ganglia  of  the  third  to  the  seventh  metameres  fuse  to  form  a  large 
subesophageal  ganglion.  The  other  metameres  have  separate  ganglia. 
From  the  supraesophageal  ganglion  nerves  go  to  the  antennules,  anten¬ 
nae,  and  eyes  and  also  to  certain  of  the  internal  organs. 

As  the  study  of  the  external  features  has  already  shown,  the  sexes  are 
separate  in  the  crayfish.  Both  the  ovaries  and  testes  are  paired,  hollow 


vas  deferens 

Fig.  23:11  The  crayfish 
(Astacus  fiiwiatilis).  The  male 
reproductive  organs.  After 
Huxley,  The  Crayfish^  by  per¬ 
mission  of  D.  Appleton-Cen- 
tury  Company,  Inc. 


oviduct 

Fig.  23:12  Thecrayfi.sh  (.h- 
lacus  ftuviatilis).  The  female  re¬ 
productive  organs.  After  Hux¬ 
ley,  The  Crayfish^  by  permis¬ 
sion  of  D.  .\ppleton-Century 
Company,  Inc. 


organs  containing  cavities  which  are  portions  of  the  much-reduced 
coelom.  The  sperm  are  discharged  into  the  cavity  of  the  testes  (Fig. 
23:11)  and  pass  out  through  vasa  deferentia  or  sperm  ducts  opening  on 
the  first  protopodites  of  the  last  pair  of  walking  legs.  The  eggs  are  passed 
from  the  cavities  of  the  ovaries  (Fig.  23:12)  to  the  exterior  through  ovi¬ 
ducts  which  open  on  the  first  protopodite  of  the  third  pair  of  walking 
legs,  counting  the  chelipeds. 

The  breeding  season  begins  in  the  autumn  when  copulation  takes 
place.  Spermatozoa  are  transferred  from  the  vasa  deferentia  of  the  male 
to  the  seminal  receptacles  of  the  female,  by  means  of  the  first  and  second 
abdominal  appendages  which  in  the  male  are  modified  into  copulatory 
organs.  The  seminal  receptacles  are  cavities  lined  by  chitin  and  situated 
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between  the  fourth  and  fifth  pairs  of  walking  legs.  It  appears  that  the 
spermatozoa  remain  alive  in  the  seminal  receptacles  until  the  following 
spring  when  the  eggs  are  laid  and  fertilization  occurs.  The  eggs  adhere 
to  the  swimmerets  of  the  female  until  hatched.  The  above  description 
applies  to  Cambarus.  Seminal  receptacles  are  absent  in  some  genera  of 
crayfish. 

The  young  hatch  from  the  eggs  as  larvae,  differing  in  a  number  of  ways 
from  the  adult.  About  24  hours  after  hatching  the  larvae  shed  their  exo¬ 
skeletons,  a  new  one  being  then  secreted  by  the  hypodermis.  The  phe¬ 
nomenon  of  shedding  the  exoskeleton  is  called  ecdysis  or  molting.  It 
occurs  about  seven  times  during  the  first  summer  and  at  longer  intervals 
during  the  fife  of  the  animal,  which  is  about  three  years.  Growth  in  size 
occurs  in  the  short  intervals  between  molting  and  the  formation  of  a 
new  exoskeleton. 

(3)  THE  ECONOMIC  IMPORTANCE  OF  THE  CRUSTACEA 

Crayfish  are  canned  and  eaten  in  the  United  States  but  their  larger 
relatives,  the  lobsters,  are  of  more  economic  importance. 

Lobsters  are  caught  in  traps  or  pots,  which  consist  of  a  coarse  frame¬ 
work  of  laths  in  the  shape  of  a  box  about  3  feet,  6  inches  by  1  foot,  10 
inches.  The  ends  are  of  coarse  netting  with  a  round  hole  about  6  inches 
in  diameter  surrounded  by  a  small  hoop  which  is  drawn  into  the  trap 
and  tied  there.  The  lobsters  crawl  in  through  the  hoop  but  usually  do  not 
find  their  way  out.  The  traps  are  baited  with  fish  and  contain  a  stone  to 
sink  them  to  the  bottom.  They  arc  set  in  shallow  water  in  summer  (10  to 
30  feet)  and  in  deeper  water  in  winter  (100  to  300  feet).  Lobsters  are 
usually  kept  alive  in  “crates”  and  shipped  alive  on  ice  to  market.  Lobsters 
are  caught  and  used  as  food  in  Europe,  but  the  greatest  lobster  fishery 
in  the  world  is  on  the  eastern  coast  of  the  United  States  and  Canada. 

Shrimps  and  prawns  are  caught  either  with  wide  hand  nets  with  a 
straight  edge  which  arc  j)ushed  by  hand  along  the  sea  bottom  near  shore 
or  by  “trawls”  drawn  by  powerboats.  The  trawls  arc  large  nets  in  the 
shape*  of  a  huge  bag  with  boards  tied  at  an  angle  at  either  side.  When 
pulled  through  the  water  the  boards,  known  as  otter  boards,  tend  to 
sej)arate  and  oj:)en  out  the  net.  1  here  are  extensive  shrimp  fisheries  on 
the  coasts  of  I'Torida  and  Louisiana  where  shrimp  are  canned. 

Crabs  an*  caught  in  traps  like  lobstc'rs  or  on  baited  lines.  No  hooks 
ar(*  us(*d.  I  he  line*  is  pull(*cl  to  the  surface.  1  he  crabs  follow  the  bait  and 
an*  scooped  up  with  a  dij)  n(*t.  Soft-shelled  crabs  are  merely  ordinary  or 
hard-sh(*ll(*d  crabs  just  aft(*r  they  have  molted.  Since  in  this  condition 
they  an*  usually  in  lading  they  must  be  sought  for  with  a  hand  net. 
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y's.  THE  GRASSHOPPER 

(1)  EXTERNAL  FEATURES 

There  are  a  number  of  species  of  grasshoppers  and  locusts  in  the  United 
States.  The  eggs  of  most  American  species  are  laid  in  late  summer  or 
autumn  and  hatch  in  the  spring  into  wingless  hoppers  which  undergo  a 


Fig.  23: 13  Incomplete  metamorphosis  of  a  grasshopper  (Melanoplus femurrubrum),  show¬ 
ing  five  nymph  stages,  1-5,  and  an  adult  or  imago,  6.  Note  the  change  in  proportions 
and  the  gradual  growth  of  the  wings.  After  Packard,  from  Hegncr,  College  Zoology,  The 
Macmillan  Company. 

gradual  or  “incomplete  metamorphosis”  into  the  adult  form  during  the 
summer  (Fig.  23:13). 

As  is  the  case  in  all  insects  the  body  is  encased  in  a  hard  outer  covering 
composed  of  a  substance  called  chitin  which  is  secreted  by  a  layer  of 
epithelial  cells  which,  with  the  chitin,  form  the  body  wall.  This  covering 


Fig.  23:14  Lateral  view  of  exoskeleton  of  a  grasshopper.  1-10,  abdominal  metameres. 
Redrawn  after  Packard,  A  Textbook  of  Entomology,  The  Macmillan  Company. 

of  chitin  constitutes  the  exoskeleton.  In  certain  parts  of  the  body  joints 
occur  where  the  exoskeleton  is  thin  and  flexible  permitting  movement. 
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The  body  is  divided  into  head,  thorax,  and  abdomen  (Fig.  23:14). 
The  abdomen  and  thorax  are  divided  into  segments  or  metameres,  the 
thorax  consisting  of  three  metameres  and  the  abdomen  of  ten.  The  head 
of  the  adult  grasshopper  is  not  divided  into  metameres.  In  the  embryo, 
however,  there  is  evidence  of  a  primitive  metamerism.  Thus  the  body  of 
the  grasshopper,  like  that  of 
the  earthworm,  is  seen  to 
be  composed  of  metameres. 

However,  there  is  not  the 
close  resemblance  between 
the  different  metameres  found 
in  the  earthworm.  While  the 
first  eight  metameres  of  the 
abdomen  are  very  similar, 
those  of  the  thorax  are  not 
only  different  from  those  of  the 
abdomen  but  differ  among 
themselves.  Again,  in  the 
head  the  primitive  metam¬ 
erism  is  much  modified, 
the  separate  metameres  being 
no  longer  recognizable.  The 
exoskeleton  of  a  typical  met- 
amere,  seen  best  in  the  ab¬ 
domen,  consists  of  a  dorsal 
portion  or  tergum  and  a  ventral  portion  or  sternum. 

On  each  side  of  the  head  are  the  large,  oval,  compound  eyes  (Fig. 
23:15).  These  eyes  are  set  into  the  head  and  covered  by  the  chitinous 
exoskeleton  which  at  this  point  is  transparent.  The  eyes  are  not  movable 
and  in  order  to  change  the  field  of  view  the  head  must  be  moved.  The 
structure  of  the  eyes  will  be  referred  to  in  a  later  section.  In  front  of  the 
eyes  arc  the  first  pair  of  appendages,  the  many  jointed  antennae  or 
“feelers.”  On  the  ventral  side  of  the  head  surrounding  the  mouth  are  the 
mouth  parts  (f  ig.  23:16).  In  front  of  the  mouth  is  an  unpaired  flap  of 
chitin  called  the  labrum  or  upper  lip.  This  moves  up  and  down  as  the 
insect  cats.  On  eithcT  side  of  the  mouth  arc  the  mandibles  or  jaws.  The 
jaws  of  an  insect  differ  from  those  of  a  mammal  like  ourselves  in  being 
in  front  of,  or  rather  outside,  the  mouth  and  in  working  from  side  to 
side  instead  of  up  and  down,  behind  the  mandibles,  also  on  either  side  of 
the  mouth,  is  the  first  pair  of  maxillae,  each  consistingof  a  jawlike  por¬ 
tion  and  a  palp.  The  second  pair  of  maxillae  arc  fused  in  the  median 


Ocelli 


Fig.  23:15  Head  of  a  grasshopper,  front  view. 
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line  and  form  the  labium  or  lower  lip.  Like  the  first  maxillae  each  of 
these  consists  of  a  jawlike  portion  (which  is  fused  with  its  mate)  and  a 
palp.  Projecting  from  the  floor  of  the  mouth  cavity  and  appearing  be¬ 
tween  the  upper  lip  or  labrum  and  the  lower  lip  or  labium  is  a  chitinous 


Fig.  23:16  External  anatomy  of  a  grasshopper  {Melanoplus).  Redrawn  after  Packard, 
Textbook  of  Entomology,  The  Macmillan  Company. 

projection  called  the  tongue  or  hypopharynx.  Only  the  mandibles 
and  the  first  and  second  maxillae  are  regarded  as  true  jointed  append¬ 
ages.  The  food  of  the  grasshopper  consists  chiefly  of  pieces  of  blades 
of  grass  and  its  mouth  parts  are  adapted  to  its  diet,  the  mandibles  biting 
off  pieces  located  by  the  upper  and  lower  lips  and  the  palps.  We  shall  see 
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later  that  in  other  types  of  insects  these  same  mouth  parts  are  adapted 
for  sucking  the  juices  of  plants  or  the  blood  of  other  animals. 

The  thorax  is  divided  externally  into  three  segments  or  metameres 
named  from  anterior  to  posterior,  prothorax,  mesothorax,  and  meta¬ 
thorax  (Fig.  23:14).  Each  of  these  bears  a  pair  of  legs,  there  being  six 
in  all,  a  number  which  is  characteristic  of  insects  and  which  has  led  to 
the  use  of  the  term  “Hexapoda”  for  the  group  as  a  synonym  for  Insecta. 
Each  leg  is  attached  to  the  thorax  by  two  short  segments,  the  first  being 
called  the  coxa  and  the  second  the  trochanter.  Next  follow  two  long  seg¬ 
ments,  the  first  called  the  femur  and  the  second  the  tibia  (Fig.  23:16). 
Lastly  comes  the  tarsus  consisting  of  three  segments  and  ending  in  two 
claws  with  a  pad  between  them  called  the  pulvillus.  Entomologists  have 
found  many  points  of  resemblance  between  the  bodies  of  insects  and  men 
and  we  have  an  example  in  the  use  of  the  terms  “femur,”  “tibia,”  and 
“tarsus.”  In  nearly  all  cases,  however,  these  resemblances  are  purely 
superficial,  since  insects  and  men  are  built  on  fundamentally  different 
plans.  The  forewings  arise  from  the  dorsal  side  of  the  mesothorax  and 
the  hind  wings  from  the  corresponding  part  of  the  metathorax.  Nu¬ 
merous  veins  strengthen  the  thin  membranous  wings,  which  are  not  mere 
plates  of  chitin  but  contain  living  tissue. 

The  abdomen  is  without  paired  appendages  except  for  the  ovipositors 
which  in  the  female  surround  the  opening  of  the  oviduct.  When  eggs 
arc  to  be  laid  the  ovipositors  are  thrust  into  the  ground,  making  a  cavity 
in  which  the  eggs  are  deposited. 


Tendon  of 
extensor  muscle 
Femur 


Hinge  joint 


(2)  INTERNAL  STRUCTURE 

The  muscular  system  of  most  insects  is  exceedingly  complicated,  liter¬ 
ally  hundreds  of  muscles  being  involved  in  the  movements  of  the  body 
and  its  appendages.  However, 
the  principle  upon  which  the 
muscles  act  can  be  well  seen  in 
the  mctathoracic  or  jumping 
leg  of  the  grasshopper.  Fhe 
skeleton  or  rigid  portion  of  the 
l('g  is  external  while  the  muscles 
and  their  attaehnuaits  are  in¬ 
ternal.  The  insect  jumj)S  by  sud¬ 
denly  straigh((‘ning  out  its  hind 
l(‘gs.  In  this  an  important  |:)art 
of  the  movement  occurs  at  the  joint  between  the  femur  and  the  til)ia. 
I'his  is  a  hing(‘  joint  and  th(‘  axis  of  the  hinge  j^asses  horizontally  through 


Extensor 

muscle 


Flexor 

muscle 

Fig.  23: 17  Diagram  illustrating  the  mechan¬ 
ism  of  leg  movement  in  a  grasshopper. 
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the  center  of  the  joint  (Fig.  23:17).  Two  muscles  move  the  tibia.  One, 
called  the  extensor,  extends  it  into  line  with  the  femur;  the  other,  called 
the  flexor,  bends  it  in  under  the  femur.  These  muscles  are  contained  in 
the  femur  and  are  attached  to  it,  the  attachments  being  called  the  origins. 
The  extensor  muscle  is  much  the  larger  and  its  attachment  to  the  femur 
gives  rise  to  a  series  of  transverse  ridges  visible  externally.  The  muscles 
end  in  long,  thin  tendons  which  are  attached  to  the  tibia.  The  tendon  of 
the  extensor  muscle  is  attached  to  the  portion  of  the  tibia  which  is  pro¬ 
longed  above  the  axis  of  the  hinge,  while  the  tendon  of  the  flexor  muscle 
is  attached  to  the  tibia  below  the  hinge.  In  jumping,  the  extensor  muscles 
are  contracted,  straightening  the  legs.  If  man  were  as  good  a  jumper  for  his 
size  as  the  grasshopper  the  record  for  the  long  jump  would  be  somewhat 
over  100  yards. 

Like  the  earthworm,  the  body  of  the  grasshopper  is  built  on  the  tube- 
within-a-tube  plan,  the  exoskeleton  and  its  attached  muscles  forming 
the  outer  tube,  the  digestive  tract  the  inner  tube  (Fig.  23:18).  The  much 
reduced  cavity  between  the  two  tubes  is  not  a  true  coelom  but  a  blood 
sinus  or  hemocoel.  The  true  coelom  is  represented  only  by  the  cavities 
of  the  gonads. 

The  mouth  is  on  the  ventral  side  of  the  head.  It  opens  into  a  small 
oral  cavity  which  receives  the  ducts  of  a  pair  of  salivary  glands.  The 
esophagus,  which  begins  as  a  short  tube,  runs  dorsally  and  then  pos¬ 
teriorly  to  be  enlarged  in  the  thorax  to  form  the  crop.  The  crop  is  con¬ 
tinuous  with  the  gizzard  or  proventriculus  which  strains  and  crushes  the 
food.  Posterior  to  this  is  the  stomach  or  ventriculus,  also  referred  to  as 
mid-gut.  Into  the  anterior  end  of  tlic  ventriculus  open  six  flngerlike 
diverticulac  called  gastric  caeca.  1  he  posterior  end  of  the  ventriculus 
is  continuous  with  the  intestine,  th('  r('gion  of  transition  being  marked  by 
the  entrance  of  numerous  line'  tub('s  calk'd  Malpighian  tubules  which 
are  excretory  in  function.  I  he  intc'stine  consists  of  a  large  intestine, 
small  intestine,  and  rectum.  Tlu*  rectum  opens  to  the  exterior  by  the 
anus.  I  Ik'  whole  o(  the  digestive  tul)e  with  the  exception  of  the  ventiic- 
ulus  is  lined  with  chitin.  Absor|)tion  takes  place  only  through  the  walls 


of  the  ventriculus. 

d  he  respiratory  system  (onsists  of  nuiiK'rous  air  tubes  oi  tracheae 
leading  into  and  out  of  air  sacs.  Plu'  trarhea('  divide  repeatedly,  sending 
branches  to  all  tlie  organs  of  the  lM)dv  and  forming  liner  and  liner 
hranclK's,  the  finest  of  which  an'  Ix'lieved  to  enter  the  individual  cells. 
Small  ojx'uings  oi*  spiracles  on  the  sid('s  ol  the  body,  easily  seen  in  tlu 
abdomen  and  thorax,  place  the  trac  heal  system  in  communication  with 
the  outside  air.  'fhe  li  acheal  tulx's  aiv  lined  with  chitin.  If  a  grasshopper 
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is  watched  when  at  rest  or  while  held  between  the  fingers,  its  abdomen 
will  be  noticed  to  expand  and  contract  rhythmically.  By  these  respiratory 
movements  the  air  in  the  tracheal  tubes  is  exchanged  for  fresh  air  from 
the  outside.  The  respiratory  system  of  insects  is  very  different  from  that 
of  the  earthworm.  In  the  latter  animal  oxygen  coming  in  through  the 
skin  is  transported  by  the  blood  to  the  cells  of  the  tissues;  in  insects  air  is 
transported  in  the  tracheal  tubes  directly  to  the  cells. 

Excretion  is  carried  out  by  the  Malpighian  tubules.  It  is  uncertain 
whether  these  tubules  correspond  morphologically  to  the  nephridia  of 
the  earthworm  which  they  resemble  in  function. 

The  circulatory  system  of  insects  is  simpler  than  that  of  the  earthworm 
and  of  most  other  arthropods.  This  is  probably  because  of  the  highly 
developed  tracheal  system  which  renders  such  a  system  unnecessary  so 
far  as  respiration  is  concerned.  The  so-called  heart  consists  of  a  tube 
passing  from  posterior  to  anterior  just  under  the  body  wall  and  dorsal 
to  the  digestive  tube.  From  this  vessel  the  blood  passes  out  into  spaces 
and  returns  to  the  pericardial  cavity  surrounding  the  heart. 

The  sense  organs  arc  well  developed.  Fine  hairs  on  various  parts  of 
the  body,  especially  numerous  on  the  antennae,  give  the  sense  of  touch. 
Small  pits  act  as  organs  of  smell  and  taste,  those  on  the  antennae  being 
regarded  as  organs  of  smell,  those  near  the  mouth  as  organs  of  taste.  The 
compound  eyes  resemble  those  of  the  crayfish,  to  the  description  of  which 
the  student  is  referred.  In  addition  the  head  bears  three  smaller  eyes  with 
single  lenses  called  ocelli.  All  are  familiar  with  the  sounds  made  by 
grasshoppers.  The  noise  when  they  are  at  rest  is  made  by  drawing  the 
femurs  of  the  large  hind  legs  across  a  particular  vein  of  the  hind  wing. 
The  sharper  noise  made  when  flying  is  produced  by  rubbing  the  fore  and 
hind  wings  together.  To  hear  these  sounds,  which  are  undoubtedly  sig¬ 
nals,  the  grasshopper  has  well-developed  organs  of  hearing,  located  one 
on  either  side  of  the  first  abdominal  metamere.  Externally  the  organ  con¬ 
sists  of  a  tightly  stretched  drum,  internally  of  an  arrangement  of  sense 
cells  and  nerves. 

The  nervous  system  (Fig.  23:19)  consists  of  a  supraesophageal  gan¬ 
glion  (sometimes  referred  to  as  the  brain  but  not  comparable  to  the  brain 
of  higher  animals)  connected  by  a  pair  of  circumesophageal  connectives 
to  a  chain  of  ganglia  which  extends  along  the  ventral  side  of  the  body 
from  anterior  to  posterior,  the  first  being  called  the  subesophageal  gan¬ 
glion.  The  supraesophageal  ganglion  sends  nerves  to  the  separate  ele¬ 
ments  or  ommatidia  of  the  compound  eye,  to  the  ocelli,  to  the  antennae, 
and  to  the  labrum.  The  ganglia  of  the  ventral  chain  do  not  show  the 
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Supraesophageat 


primitive  paired  condition  seen  in  the  earthworm  and  the  embryo  of 
the  grasshopper,  but  appear  as  single  unpaired  ganglia.  The  subesophag- 
eal  ganglion  is  located  in  the  head  and  sends  nerves  to  the  mandible, 
the  first  maxilla,  and  labium.  It  will  be  remembered  that  in  the  formation 
of  the  head  six  metameres  are  fused. 

In  the  embryo  the  ganglia  of  the  first 
three  metameres  fuse  to  form  the  supra- 
esophageal  ganglion  and  those  of  the 
last  three  to  form  the  subesophageal 
ganglion.  The  thoracic  ganglia  send 
nerves  to  the  corresponding  legs  and 
to  the  wings.  There  are  six  abdominal 
ganglia.  The  fact  that  this  number  is 
less  than  the  number  of  abdominal 
metameres  is  explained  by  the  fusion 
of  the  first  abdominal  ganglion  with 
the  last  thoracic  and  fusions  within  the 
abdomen. 

The  sexes  are  separate.  The  testis 
lies  dorsal  to  the  intestine  and  consists 
of  two  lateral  halves  united  to  form  a 
single  mass.  From  either  side  of  this 
mass  arises  a  vas  deferens,  which  passes 
ventral  to  the  intestine  and  after  form¬ 
ing  numerous  coils  unites  with  its 
partner  of  the  opposite  side  in  a  single 

duct  which  passes  into  the  copulatory  organ  or  penis.  This  latter  or¬ 
gan  consists  of  four  chitinous  bristles  which  arc  used  in  transferring 
sperm  to  the  seminal  rccc|)taclc  of  the  female.  The  ovaries  are  paired 
organs  and  lie  in  a  position  corresponding  to  that  of  the  testis.  Each 
consists  of  groups  of  ovarian  tubes  which  open  into  the  upper  por¬ 
tion  of  the  oviduct.  The  oviducts  unite  to  form  a  short,  straight  vagina 
which  opens  between  the  ovipositors.  Before  its  opening  the  vagina  con- 


Fig.  23:19  The  nervous  system  of  a 
grasshopper  (Melanoplus),  dorsal  view. 
Redrawn  after  Packard,  Textbook  oj 
Entomology^  The  Macmillan  Com¬ 
pany. 


nects  with  the  opening  of  the  seminal  receptacle  which  receives  the  sperm 
from  the  m<'  lie  at  the  time  of  copulation.  The  eggs  are  fertilized  while  they 
are  in  the  vagina,  just  previous  to  being  laid.  The  eggs  arc  laid  in  the 
ground,  the  ovipositors  being  used  to  penetrate  below  the  surface  of  the 
soil,  riu*  young  which  hatch  from  tlu'  eggs  are  called  nymphs.  They 
re.semble  adults,  but  are  without  wings  and  have  somewhat  largei  heads 
in  proportion  to  their  size  (I'ig.  23:13). 
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C.  THE  HONEYBEE,  APIS  MELLIFICA 

From  the  earliest  times  men  have  been  interested  in  bees  because  of 
the  honey  which  they  produce  and  because  of  the  organization  and 
industry  shown  in  their  social  life.  A  bee  colony  contains  three  kinds  of 
individuals,  the  queen,  the  drones,  and  the  workers.  The  present  de¬ 
scription  applies  to  the  worker,  which  is  an  immature  female. 


(1)  EXTERNAL  FEATURES 

The  body  of  the  bee  is  sharply  divided  into  head,  thorax,  and  abdomen 
—  a  feature  which  is  easier  to  see  when  the  animal  has  been  deprived  of 


Fig.  23:20  The  legs  of  the  honey  bee.  For  “wax  pincers”  read  “pollen  compressor.” 
From  L.  L.  Woodruff,  Animal  Biology,  The  Macmillan  Company. 


its  numerous  hairs  (Fig.  23:20).  The  primitive  metamerism  of  the  body 
is  much  modified  and  it  is  only  in  the  abdomen  where  the  skeletal  plates 
are  arranged  in  rings  that  it  is  evident.  In  the  abdomen  each  of  these 
rings  consists  of  a  dorsal  plate  or  tergum  and  a  ventral  plate  or  sternum. 
Terga  and  sterna  are  also  present  in  the  thorax  and  in  addition  lateral 
plates,  called  pleura,  are  interposed  on  either  side  between  them.  Six 
metameres  are  visible  in  the  abdomen,  but  there  are  three  more  enclosed 
within  the  last  visible  metamere.  What  is  in  reality  the  first  abdominal 
segment  has  moved  up  into  the  thorax  and  formed  a  part  of  it.  There 
are  no  external  evidences  of  metamerism  in  the  head,  but  its  embryolog- 
ical  history  shows  that  it  is  formed  from  six  metameres. 
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The  head  bears  a  pair  of  large  compound  eyes,  one  on  either  side  set 
in  flush  with  the  surface,  and  on  top  at  the  corners  of  a  triangle  three 
small  simple  eyes,  or  ocelli.  From  the  middle  of  the  anterior  surface  a 
pair  of  jointed  antennae  project.  The  lower  part  of  the  head  is  occupied 
by  the  mouth  parts.  The  upper  lip  or  labrum  is  a  flat  plate  attached  to 
the  front  of  the  head.  Behind  this  are  the  mandibles  or  jaws  which  are 
employed  by  the  worker  bee  to  knead  the  wax  used  in  making  the  honey¬ 
comb.  The  next  two  pairs  of  parts,  which  are  in  reality  appendages,  are 
called  the  first  maxillae  (or  simply  maxillae)  and  the  labium  (or  second 
maxillae).  In  the  bee  these  parts  are  modified  to  form  a  long  proboscis 
through  which  projects  a  still  longer  tongue  or  hypopharynx.  The  pro¬ 
boscis  and  tongue  are  used  to  suck  nectar  from  flowers. 

The  three  metameres  of  the  thorax  are  named  from  anterior  to  pos¬ 
terior,  prothorax,  mesothorax,  and  metathorax;  each  bears  a  pair  of 
walking  legs.  Everyone  has  seen  the  “busy  bee”  returning  home  bur¬ 
dened  with  yellow  pollen.  The  walking  legs  are  specially  modified  for 
the  collection  of  pollen  from  flowers  and  its  transport  to  the  hive.  A 
typical  insect  leg  such  as  that  of  a  grasshopper  (Fig.  23:16)  consists  of  a 
number  of  segments  separated  by  joints.  Nearest  to  the  body  come  two 
short  segments,  the  coxa  and  trochanter;  next  two  long  segments,  femur 
and  tibia;  and  lastly  the  tarsus,  which  consists  usually  of  five  small  seg¬ 
ments,  the  last  ending  in  a  pad  with  claws  on  cither  side.  The  modifica¬ 
tions  in  the  bee  concern  chiefly  the  tibia  and  the  first  segment  of  the 
tarsus,  although  all  of  the  segments  have  long  hairs  and  help  in  the  col¬ 
lection  of  pollen  (Fig.  23:20).  The  tibia  of  the  first  and  second  legs  bear 
rows  of  hairs  which  form  pollen  brushes.  In  the  first  leg  a  spine  from  the 
end  of  the  tibia  fits  over  a  semicircular  notch  in  the  side  of  the  first  seg¬ 
ment  of  the  tarsus  forming  an  antenna  cleaner.  The  antennae  are  cleaned 
by  being  pulled  through  the  notch.  A  row  of  hairs  on  the  opposite  side 
of  the  segment  forms  an  eye  brush.  In  the  second  leg  a  spur  from  the  tibia, 
called  the  wax  pick,  is  used  to  remove  the  wax  plates  from  the  abdomen. 
In  the  third  leg  the  first  s(‘gment  of  the  tarsus  is  broad  and  flat  and  the 
hairs  arc  arranged  in  rows  forming  a  pollen  comb.  The  outer  surface  of 
the  tibia  is  concave  and  surrounded  by  curved  hairs  forming  a  pollen 
basket.  The  pollen  is  packed  into  (he  basket  by  the  pollen  comb  of  the 
op[)ositc  leg  for  transport  to  the  hive.  At  the  joint  l)etwecn  the  tibia  and 
the  tarsus  the  ends  of  the  segments  are  flattened,  forming  a  pollen  com¬ 
pressor  formerly  called  the  “wax  pincers”  but  now  known  to  be  used 
to  compress  the  pollen  and  pass  it  into  the  pollen  basket. 

The  forewings  are  attached  to  th('  mesothorax  and  the  hind  wings  to 
the  metathorax.  They  join  the  body  between  the  terga  and  the  pleura- 
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TABLE  23:2.  THE  POLLEN-COLLECTING  AND  WAX-WORKING  APPARATUS 


OF  THE 

WORKER  BEE 

LEG 

SEGMENT 

FUNCTIONAL  NAME 

First 

Tibia 

Eye  brush 

Tibia  and  first  tarsal 

Antenna  cleaner 

First  tarsal 

Pollen  brush 

Second 

Tibia 

Wax  pick 

First  tarsal 

Pollen  brush 

Third 

Tibia 

Pollen  basket 

Tibia  and  first  tarsal 

Pollen  compressor 

First  tarsal 

Pollen  comb 

The  membranous  wings  are  strengtliencd  by  veins  which  are  thicker 
and  stifTcr  in  the  neighlx)rhood  of  the  anterior  margin  and  the  articula¬ 
tion.  On  the  anterior  margin  of  the  hind  wings  are  hooks  which  catch 
on  the  forewings,  making  the  two  wings  act  together  in  flying.  How  the 
wings  move  to  bring  about  flight  will  be  discussed  in  a  later  section. 

The  sting  is  at  the  posterior  end  of  the  abdomen.  The  external  parts 
consist  of  two  palps  or  feelers  which  locate  the  place  to  be  stung  and  a 
lancet  which  pierces  the  skin  and  through  which  the  poison  from  a  poison 
gland  is  injected.  When  a  worker  bee  stings  a  person  or  other  animal  it 
usually  leaves  its  sting  and  often  also  a  portion  of  its  abdomen  in  the  skin. 
When  more  than  the  sting  is  left  the  bee  dies,  sacrificed  for  the  protection 
of  the  colony.  The  parts  of  the  sting  of  the  bee  are  modified  ovipositors 
and  by  some  authorities  are  believed  to  represent  abdominal  appendages. 

(2)  internal' STRUCTURE 

The  bee  is  a  highly  specialized  insect  both  in  its  internal  and  external 
structure.  It  shows,  nevertheless,  the  characteristic  structure  of  an  ar¬ 
thropod  which  includes  the  tube-within-a-tube  type  of  body.  As  in  most 
arthropods  the  coelom  is  greatly  reduced.  In  the  bee  it  is  represented 
only  by  the  cavities  in  the  reproductive  organs.  The  cavity  surrounding 
the  digestive  tube  and  other  organs  is  a  blood  cavity  or  hemocoel  and 
not  a  true  coelom. 

The  body  muscles  are  attached  to  the  exoskeleton  and  by  their  contrac¬ 
tion  cause  movement  at  the  joints.  The  muscular  system  of  a  bee  is  almost 
as  complicated  as  that  of  a  man.  Some  interest  attaches  to  the  muscles 
of  flight  and  their  action  and  they  are  therefore  chosen  for  description 
and  as  an  example  of  insect  muscles.  As  already  noticed,  the  anterior 
margin  of  the  wing  is  rigid.  When,  therefore,  the  wing  is  moved  up  or 
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down  the  posterior  portion,  which  is  flexible,  lags  behind.  For  this  reason 
the  upward  and  downward  strokes  of  the  wing  are  almost  equally  effec¬ 
tive  in  thrusting  the  animal  forward.  The  rapid  vibratory  movements  of 
the  wing  are  caused,  chiefly,  by  what  are  called  the  indirect  wing 
muscles. 

These  are  large  muscles  which  nearly  fill  the  thorax  (Fig.  23 :21).  Their 
action  is  indirect  because  they  act  not  upon  the  wings  directly  but  upon 
the  tergum  to  which  the  wings  are  attached.  The  attachment  of  the  wing 


Fig.  23:21  The  honey  bee.  Diagram  to  show  movement  of  wings  by  indirect  wing 
muscles.  A,  cross  section  of  thorax  through  the  wing  processes  with  wings  raised  by  the 
contraction  of  the  vertical  muscles  which  lower  the  back  plate  or  tergum;  B,  the  same,  but 
with  wings  forced  down  by  the  contraction  of  the  longitudinal  muscles  which  raises  the 
back  plate  or  tergum.  After  .Snodgra.ss,  Anatomy  and  Physiology  oj  the  Honeybee^  by  permission 
of  McGraw-Hill  Book  Company,  Inc. 

to  the  tergum  is  such  that  when  the  tergum  is  pulled  down  the  wing  is 
raised.  The  muscles  which  bring  this  about  extend  from  the  tergum  to 
the  sternum.  "Their  contraction  flattens  the  thorax  and  raises  the  wings. 
The  mu.scles  which  lower  tlie  wings  extend  from  anterior  to  posterior. 
Their  contraction  shortens  the  thorax  and  at  the  same  time  raises  the 
tergum.  Other,  much  smaller  muscles,  called  direct  wing  muscles,  serve 
to  move  the  wings  in  a  horizontal  direction,  flexing  them  over  the  back 
or  extending  them  for  flight.  A  drone  bee  in  flight  has  been  shown  ex¬ 
perimentally  to  move  its  wings  at  the  rate  of  190  strokes  per  second. 

"The  diet  of  the  adult  worker  bee  consists  of  pollen  and  nectar.  The 
nectar  may  be  eith(‘r  taken  directly  or  after  it  has  been  ripened  into 
hon(‘y  in  the  cells  of  th(‘  hive.  C-orresponding  to  this  restricted  diet  is  a 
sp(!cialized  (ligc‘stiv(‘  syst(‘m  (f  ig.  23:22).  I  he  mouth  opens  into  a  short 
|)harynx  which  is  followed  by  a  thin,  long  esophagus  extending  through 
the  thorax.  In  the  abdomen  the  esophagus  joins  the  crop  or  honey  stom¬ 
ach,  which  when  filled  is  a  large  balloon-shaped  sac.  At  its  posterior  end 
the  crop  is  continuous  with  a  short  section  called  the  proventriculus 
wliicli  is  partly  evaginated  into  it,  forming  a  valve  which  enal)les  the 
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bee  to  retain  nectar  or  honey  in  its  crop.  All  of  the  parts  of  the  alimentary 
canal  so  far  considered  are  formed  from  an  inpocketing  of  the  outer  skin 
and  are  lined  with  chitin.  The  principal  functions  of  the  crop  are  to  hold 


Thoracic  salivary- 
glands 


Pharyngeal  glands 

-'Head  salivary 
glands 


Esophagus 


Honey  stomach 


-Proventriculus 


- Ventriculus 


““Malpighian  tubules 


Small  intestine 


/ 

Rectal  gland 


Fig.  23:22  The  honey  bee.  Dissection  of  the  digestive  system  of  the  worker  bee,  includ¬ 
ing  associated  glands.  After  Snodgrass,  Anatomy  and  Physiology  of  the  Honeybee^  by  permission 
of  McGraw-Hill  Book  Company,  Inc. 


the  nectar  gathered  from  flowers  during  its  transport  to  the  hive  and  to 
carry  honey. 

The  only  part  of  the  digestive  tract  which  is  lined  with  endoderm  and 
in  which  absorption  can  occur  is  that  which  follows  the  proventriculus 
and  is  called  the  ventriculus.  This  is  also  the  largest  part  and  is  bent  in 
the  form  of  a  U.  The  posterior  end  of  the  ventriculus  is  continuous  with 
the  small  intestine.  After  making  a  single  coil  the  small  intestine  leads 
into  the  rectum,  an  extremely  distensible  sac  which  opens  to  the  exterior 
by  the  anus.  The  small  intestine  and  rectum  are  formed  by  an  inpocket- 
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ing  of  the  skin  at  the  anus  and  are  lined  with  chitin.  Bees  never  defecate 
in  the  hive.  During  the  winter  so  much  fecal  matter  may  be  retained  in 
the  rectum  that  it  may  fill  a  large  part  of  the  abdomen. 

Into  the  anterior  end  of  the  small  intestine  open  numerous  long, 
threadlike  tubes  called  Malpighian  tubules.  These  have  been  proved 
to  be  excretory  organs. 

Two  pairs  of  salivary  glands  open  on  the  anterior  surface  of  the  labium, 
i.e.,  into  the  mouth  opening.  The  head  glands  secrete  a  fatty  substance 


Tracheal  air  sac 
Aorta 


Chamber  of  heart 
IV 


Optic  lobe  Trachea 
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Fig.  23:23  The  honey  bee.  Longitudinal  section  of  the  entire  body  of  a  worker  bee, 
with  muscles  and  digestive  system  removed,  showing  the  air  sacs  and  tracheae,  the  heart 
and  aorta,  and  the  nerve  cord.  1-5,  7-10,  air  sacs;  BC,  body  cavity  (haemococl) ;  1  Gng-7 
Gng,  ganglia  of  ventral  nerve  cord;  I,  II,  III,  IV,  V,  VI,  VII,  segments  of  abdomen. 
After  Snodgrass,  Anatomy  of  the  Honeybee^  by  permission  of  McGraw-Hill  Book  Company, 
Inc. 


which  it  has  been  suggested  may  be  used  to  soften  the  wax  when  it  is 
kneaded.  The  secretion  of  the  thoracic  pair  is  used  to  dissolve  solid  food 
substances  such  as  sugar. 

The  respiratory  system  (Fig.  23:23)  consists  of  a  series  of  air  sacs  and 
air  tubes  or  tracheae  which  end  in  extremely  fine  tubules  or  tracheoles 
among  the  cells  of  the  different  tissues.  The  walls  of  the  air  sacs  and 
tracheae  arc  lined  with  chitin.  Annular  thickenings  of  the  chitin  prevent 
their  collapse  under  pressure  from  the  other  organs.  It  is  through  the 
delicate  walls  of  the  tracheoles  that  the  exchange  of  gases  occurs.  The 
tracheal  system  is  placed  in  communication  with  the  outside  air  through 
a  series  of  openings  called  spiracles,  visible  on  the  abdominal  segments. 
The  air  is  changed  in  the  air  sacs  by  muscular  movements  of  the  body, 
easily  seen  when  an  insect  is  watched  while  at  rest.  The  respiratory  system 
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of  the  bee  and  that  of  insects  in  general  differs  from  that  of  an  earthworm 
or  a  higher  animal.  In  an  earthworm  oxygen  is  carried  to  and  carbon 
dioxide  away  from  the  tissues  in  the  blood.  In  an  insect  oxygen  diffuses 
from  the  air  sacs  and  tracheae  through  the  tracheoles  directly  to  the  tis¬ 
sues  and  carbon  dioxide  diffuses  directly  outward  along  the  same  path. 


Fig.  23:24  The  honey  bee.  The  nervous  system  of  the  worker  bee,  dorsal  view.  The 
subesophageal  ganglion  is  not  shown,  it  is  under  the  “brain.”  1  Gng-7  Gng,  ganglia  of 
nerve  cord;  I-VII,  segments  of  abdomen.  After  Snodgrass,  Anatomy  of  the  Honeybee^  by 
permission  of  McGraw-Hill  Book  Company,  Inc. 


In  consequence  of  the  tracheal  respiratory  system  and  the  lesser  role 
played  by  the  blood,  the  vascular  system  of  the  bee  is  relatively  simple, 
consisting  of  a  dorsal  tubular  heart  which  moves  the  blood  through  blood 
sinuses  to  the  different  parts  of  the  body,  there  being  no  arteries  or  veins. 

The  bee  is  abundantly  supplied  with  sense  organs.  On  the  antennae 
alone,  seven  kinds  of  different  sensory  organs  have  been  described,  not 
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to  mention  the  various  kinds  of  sensory  hairs  found  on  the  other  parts 
of  the  body.  Bees  undoubtedly  have  a  keen  sense  of  touch  and  of  smell, 
although  there  is  some  doubt  as  to  whether  they  can  taste.  The  ocelli 
can  scarcely  be  called  visual  organs  since  they  probably  are  able  to  dis¬ 
tinguish  only  between  different  intensities  of  light  and  do  not  give  an 
image.  The  compound  eyes  on  the  other  hand  are  well-developed  organs 
of  sight.  Their  structure  is  similar  to  that  of  the  crayfish  eye.  Certain 
organs  in  the  legs  suggest  organs  of  hearing  but  there  is  some  doubt  as  to 
whether  they  perform  that  function.  Bees  may  be  deaf. 

The  nervous  system  of  the  bee  is  highly  organized  (Fig.  23:24).  The 
supraesophageal  ganglion,  sometimes  referred  to  as  the  brain  but  really 
not  comparable  to  the  brain  of  vertebrates,  is  large.  It  consists  of  three  pairs 
of  ganglia  fused  into  a  single  mass,  and  is  continued  on  either  side  into 
large  optic  lobes  connected  with  the  compound  eyes.  The  subesophageal 
ganglion  which  is  formed  from  the  fusion  of  the  next  three  ganglia  lies 
under  the  supraesophageal  ganglion,  separated  from  it  by  the  pharynx 
and  connected  with  it  by  short  circumesophageal  connectives.  The 
ventral  ganglionic  chain  con¬ 
sists  of  seven  ganglia  in  ad¬ 
dition  to  the  subesophageal 
ganglion,  two  large  ganglia 
in  the  thorax  sending  nerves 
to  the  wings  and  legs  and 
five  smaller  ganglia  in  the 
abdomen.  Into  the  formation 
of  the  second  thoracic  gan¬ 
glion,  which  is  much  the 
largest,  enter  the  ganglia  from 
the  second  and  third  thoracic 
mctamcrcs  and  the  first  two 
abdominal  rnctameres.  The 
last  abdominal  ganglion  is 
also  compound,  containing 
the  ganglia  of  th('  seventh,  ('ighth,  ninth,  and  tenth  segments. 

The  reproductive  organs  ol  tlu'  worker  bee,  which  is  an  immature 
female,  an'  rudimentary.  In  llu'  qiu'c'u  and  drone,  on  the  other  hand, 
these  organs  are  large  and  highly  developed.  In  the  drone  (Fig.  23:25) 
the  pain'd  testes  eonn('('t  with  eoiU'd  vasa  deferentia  which  lead  into 
seminal  vesicles.  rhes('  latt('r  eonneet  with  a  single  ejaculatory  duct 
which  |)ass('s  to  tin*  penis.  (lomu'cted  with  the  ejaeulatory  duet  are  two 
larg('  mucous  glands.  Tin*  pc'uis  is  a  rather  complicated  inpocketing  of 


Base  of  penis 


Fig.  23:25  Tlic  honeybee.  Dorsal  view  of  a  dis¬ 
section  of  the  reproductive  system  of  the  drone 
bee  (male).  The  opening  through  which  the  penis 
is  everted  is  on  the  ventral  side  at  the  base  and  is 
not  shown  in  the  figure.  After  Snodgrass,  The 
Anatomy  of  the  Honeybee,  by  permission  of  Mc¬ 
Graw-Hill  l>ook  Company,  Inc. 
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the  outer  skin  into  the  abdomen,  which  is  everted  during  copulation 
into  the  copulatory  pouch  of  the  female. 

The  ovaries  of  the  queen  bee  (Fig.  23:26)  consist  of  two  large  gourd¬ 
shaped  masses  which  fill  a  large  part  of  the  abdominal  cavity.  These  con¬ 
sist  of  numerous  ovarian  tubules  which  connect  at  their  larger  posterior 


Fig.  23:26  The  honey  bee.  Reproductive  organs,  sting  and  poison  glands  of  the  queen 
(mature  female).  The  opening  of  the  copulatory  pouch  is  on  the  ventral  side  and  is  not 
shown  in  the  figure.  After  Snodgrass,  The  Anatomy  of  the  Honeybee^  by  permission  of  Mc¬ 
Graw-Hill  Book  Company,  Inc. 

ends  with  two  short  thick  oviducts.  The  oviducts  join  to  enter  the  vagina, 
a  short  wide  tube  leading  to  the  copulatory  pouch,  a  large  inpocketing 
of  the  outer  wall.  Connected  with  the  dorsal  side  of  the  vagina  is  a  large 
sac,  the  spermatheca,  in  which  the  sperm  received  from  the  drone  are 
stored.  The  eggs  are  formed  in  the  ovarian  tubules,  the  earliest  stage 
occurring  in  the  anterior  ends  and  the  more  nearly  mature  eggs  at  the 
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posterior  ends  where  they  connect  with  the  oviducts.  The  eggs  pass  in 
single  file  down  the  oviducts  and  into  the  vagina. 

A  single  queen  bee  may  lay  from  one  thousand  to  two  thousand  eggs 
per  day.  Normally  as  each  egg  passes  through  the  vagina  a  few  sperms 
are  released  from  the  spermatheca  and  fertilization  occurs.  The  female 
has,  however,  the  power  of  withholding  the  sperm  from  the  egg  and  thus 
preventing  fertilization.  In  the  bee  the  fertilized  eggs  develop  into  female 
individuals  (whether  they  become  queens  or  workers  depends  on  the  diet 
they  receive  as  larvae  from  the  workers),  while  the  unfertilized  eggs 
develop  into  drones  which  are  males.  The  development  of  an  unfertilized 
egg  is  called  parthenogenesis;  it  occurs  not  infrequently  in  certain  groups 
of  insects.  The  life  history  of  the  bee  and  the  organization  of  the  hive  is 
discussed  in  the  section  on  insect  societies  (Chap.  24). 
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Questions 

GENERAL  QUESTIONS 

1.  What  structural  advances  over  the  earthworm  are  shown  by  arthropods? 

2.  Name  the  three  chief  classes  of  the  phylum  Arthropoda  and  give  their  char¬ 
acteristics. 

ON  THE  CRAYFISH 

3.  Descril)e  a  typical  biramus  appendage. 

4.  d  aking  the  a|)pendages  in  order  from  anterior  to  posterior  show  how  each 
pair  is  modified  from  the  tyi)ical  biramus  ty]K‘  to  perform  certain  special 
functions. 

5.  Di.scu.ss  whether  the  body  i)lan  of  the  crayfish  is  a  tube-within-a-tube. 

6.  I'],xplain  the  action  of  the  mn.scles  in  closing  the  pincers. 
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7.  Describe  the  digestive  system  of  the  crayfish. 

8.  Why  is  a  current  of  water  maintained  through  the  gill  chambers? 

9.  Describe  the  circulation  of  the  blood. 

10.  Discuss  the  sense  organs  from  the  point  of  view  of  the  sensations  received  by 
the  crayfish. 

11.  Describe  the  nervous  system.  To  what  type  does  it  conform? 

12.  Outline  the  life  cycle  of  the  crayfish. 

ON  THE  GRASSHOPPER 

13.  Describe  the  mouth  parts. 

14.  Describe  the  thorax  and  thoracic  appendages. 

15.  Describe  the  action  of  the  muscles  which  move  the  tibia. 

16.  Compare  the  digestive  tract  of  the  grasshopper  with  that  of  the  earth¬ 
worm. 

17.  Describe  the  respiratory  system.  Would  such  a  system  function  under 
water? 

18.  Describe  the  circulatory  system.  Is  it  as  highly  developed  as  in  the  earth¬ 
worm?  Account  for  the  difference. 

19.  Compare  the  nervous  system  with  that  of  an  earthworm. 

20.  Describe  the  male  and  female  reproductive  systems. 

ON  THE  BEE 

21.  Compare  the  mouth  parts  of  a  bee  with  those  of  a  grasshopper  if  you  have 
studied  that  form. 

22.  Describe  the  thoracic  appendages  and  show  how  each  is  adapted  to  perform 
certain  functions  in  the  food-getting  of  the  l^ee. 

23.  Describe  the  action  of  the  wing  muscles  in  flight. 

24.  Show  how  the  digestive  tract  of  the  bee  is  adapted  to  its  diet  and  habits. 

25.  Describe  the  respiratory  system. 

26.  Why  is  the  vascular  system  relatively  simple? 

27.  Describe  the  nervous  system  and  compare  it  with  that  of  an  earthworm. 

28.  Describe  the  male  and  female  reproductive  organs.  In  what  kinds  of  in¬ 
dividuals  do  they  occur? 

29.  Explain  how  the  queen  and  the  workers  are  able  to  determine  what  kinds  of 
individuals  are  born  into  the  colony. 

Suggestion  for  Further  Reading 

Hcgner,  Robert  W.,  Invertebrate  Zoology,  The  Macmillan  Company,  New  York, 
1933,  Chap.  X. 
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Arthropods  (Continued).  Metamorphosis, 
Serial  Homology,  the  Arthropod  "Mind,” 
Insect  Societies,  Orders  of  Insects 


1.  METAMORPHOSIS 

One  of  the  most  marvelous  and  at  the  same  time  most  puzzling  phe¬ 
nomena  of  nature  is  the  change  which  many  insects  undergo  in  passing 
from  the  larval  to  the  adult  stage,  called  metamorphosis,  from  a  Greek 
word  meaning  “to  transform.”  In  the  simplest  insects  the  young  which 
hatch  from  the  egg  are  like  adults  in  all  respects  except  size.  In  such 
insects  there  is  no  metamorphosis.  There  are  only  a  few  of  these  insects 
and  they  belong  to  the  order  Aptera.  In  many  insects,  for  example  the 
grasshopper,  the  transformation  is  gradual,  occurring  between  molts. 
These  insects  are  said  to  have  an  incomplete  metamorphosis.  The  young, 
which  in  this  case  arc  called  nymphs,  resemble  the  adult  in  having  the 
usual  six  legs  and  compound  eyes;  the  wings,  however,  appear  gradu¬ 
ally,  enlarging  at  each  molt  and  do  not  reach  their  full  size  until  the  adult 
stage  is  reached. 

Finally  there  are  the  insects  like  the  butterfly  in  which  the  larva,  called 
in  this  case  a  caterpillar,  is  very  dilTcrcnt  from  the  adult.  In  the  butterfly 
the  caterpillar,  after  a  more  or  less  prolonged  feeding  period,  spins  a 
cocoon  and  goes  into  a  quiescent  pupal  stage  in  which  its  anatomy  is 
almost  completely  made  over  into  that  of  the  adult  or  imago.  These  in¬ 
sects  are  said  to  have  a  complete  metamorphosis.  The  bee  is  such  an 
insect,  the  larvae  or  grubs  b('ing  raised  by  the  workers  in  cells  in  the  hive 
and  undergoing  their  melamorj)hosis  there.  Such  also  are  the  many  kinds 
of  hous(*nies,  (he  larvae  or  maggots  living  in  decaying  meat  or  other 
decaying  matter,  puj)ating  (hen*,  and  emerging  as  flics.  Insects  with  a 
complete  m(‘tamorj)hosis  do  not  molt  after  emerging  from  the  pupal 
stage  and  so  do  not  grow  in  size  after  that  time. 

Ins(*c(s  are  not  the  only  animals  which  pass  through  a  metamorphosis 
in  their  life  history.  Indeed,  nearly  all  animals  show  changes  in  ]')assing 
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from  youth  to  sexual  maturity.  In  insects  with  a  complete  metamorphosis 
the  change  is  very  striking  and  is  made  more  marked  by  the  intervention 
of  a  quiescent  pupal  period.  This  divides  the  life  history  sharply  into  two 
stages:  a  larval  stage  which  is  given  over  to  feeding,  assimilation,  and 
growth  and  an  adult  or  imago  stage  which  is  given  over  to  the  propaga¬ 
tion  of  the  species  and  in  which  growth  occurs  only  in  exceptional  cases. 

Metamorphosis  involves  a  breaking  down  of  the  cells  and  tissues  of 
the  larva  and  the  building  up  of  new  cells  and  tissues  from  the  products 
of  the  breakdown.  These  structural  changes  are  accompanied  by  changes 
in  the  life  and  behavior  of  the  animal.  How  different  is  the  caterpillar, 
always  intent  on  eating  leaves,  from  the  butterfly  which  flutters  from 
flower  to  flower  sucking  nectar;  or  again  the  mayfly  larva  which 
crawls  about  under  stones  in  streams  eating  voraciously  for  three  years 
and  undergoing  an  “incomplete  metamorphosis”  into  the  exquisite 
mayfly  which  lives  for  one  night  only,  just  long  enough  to  mate  and  lay 
its  eggs. 

2.  SERIAL  HOMOLOGY 

The  repetition  of  the  same  plan  of  structure  in  successive  pairs  of  ap¬ 
pendages  so  evident  in  arthropods  is  an  expression  of  the  metamerism 
of  the  body.  Since  each  metamere  shows  the  same  fundamental  plan 
of  structure  it  is  not  surprising  that  the  appendages  of  successive  meta- 
meres  should  also  show  a  common  plan  of  structure.  While  the  term 
metamerism  is  used  to  describe  the  repetition  of  whole  segments  of  the 
body,  the  term  serial  homology  is  used  to  describe  the  repetition  of 
parts  in  successive  metameres  as  seen  in  the  appendages  of  the  crayfish 
and  to  a  lesser  extent  in  those  of  the  grasshopper  and  bee.  Thus  the  dif¬ 
ferent  pairs  of  appendages  of  the  crayfish  are  said  to  be  serially  homolo¬ 
gous.  Serially  homologous  organs  may  be  defined  as  organs  which  are 
repeated  in  different  metameres  of  the  same  animal  and  show  in  each 
metamere  the  same  type  of  structure  and  the  same  relation  to  the  other 
organs  of  the  metamere  and,  as  is  seen  in  the  mysis  stage  of  the  lobster, 
are  also  closely  similar  in  their  embryological  origin  and  development. 

The  term  homology  is  used  for  the  same  kind  of  relationship  when  it 
occurs,  not  in  different  metameres  of  the  same  animal,  but  in  animals  of 
different  species.  Thus  in  comparing  a  crayfish  and  a  lobster  the  append¬ 
ages  of  corresponding  metameres  would  be  homologous,  i.e.,  the  claw 
of  the  lobster  would  be  homologous  to  the  claw  of  the  crayfish.  Homol¬ 
ogous  organs  may  be  defined  as  organs  which,  while  occurring  in  animals 
of  different  species,  show  the  same  type  of  structure,  the  same  relation 
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to  the  other  organs  of  the  body,  and  a  close  similarity  in  their  embryologi- 
cal  origin  and  development. 

It  should  be  emphasized  that  serial  homology  and  homology  are 
morphological  terms  and  have  no  reference  to  the  function  or  functions 
of  the  organs;  the  serially  homologous  appendages  of  a  crayfish  or  an 
insect  may  have  entirely  different  functions.  The  modification  of  a  part 
or  the  whole  of  an  animal  to  perform  a  special  function  or  to  meet  a 
special  condition  of  the  environment  is  called  adaptation.  Thus  the  an- 
tennules  and  antennae  are  adapted  to  act  as  organs  of  touch  and  taste, 
the  mandibles  for  crushing  food,  the  walking  legs  for  walking,  and  so 
forth. 

3.  THE  ARTHROPOD  "MIND” 

The  student  must  be  aware  already  of  the  essential  similarity  between 
the  nervous  systems  of  the  Annelida  and  the  Arthropoda.  In  both  these 
groups  the  nervous  system  consists  of  a  ventral  ganglionic  chain  con¬ 
nected  with  a  supraesophageal  ganglion.  Primitively  the  ganglia  corre¬ 
spond  to  the  metameres  of  the  body,  but  in  the  arthropods  there  is  a 
tendency  toward  fusion  of  the  ganglia  of  contiguous  metameres,  espe¬ 
cially  in  the  anterior  region. 

In  discussing  the  nervous  system  of  the  earthworm  the  path  of  a  nerv¬ 
ous  reflex  was  traced.  Similar  reflex  arcs  occur  in  the  arthropod  nervous 
system  and  as  in  the  earthworm  the  reflex  may  pass  through  one  only 
or  a  number  of  ganglia.  The  study  of  the  behavior  of  arthropods,  and 
especially  insects,  seems  to  show  that  their  various  activities  are  best 
explained  as  due  to  reflexes.  These  reflexes  may  be  interrelated,  so  that 
the  reaction  to  a  stimulus  may  act  as  a  stimulus  for  a  second  reflex,  and 
so  on.  Further  the  reflexes  may  be  coordinated  by  nerve  impulses  passing 
from  one  ganglion  to  another  in  a  different  metamere. 

The  arthropod  mind  seems  to  be  adapted  to  a  stereotyped  behavior. 
The  solitary  wasps  provide  interesting  examples.  Our  most  familiar 
wasps  arc  the  yellow  jackets  which  make  large  paper  nests  in  trees  and 
under  the  caves  of  houses.  Tliesc  arc  social  wasps.  The  solitary  wasps, 
although  less  likely  to  be  noticed  by  the  casual  observer,  are  in  reality 
the  larger  group.  These  wasjxs  make  their  nests  individually,  either  by 
cementing  clay  into  tubes  with  a  secretion  from  their  salivary  glands 
(mason  wasps),  by  digging  burrows  or  galleries  in  the  ground  (digger 
wasps),  or  l)y  cutting  tunnels  in  the  wood  of  trees  or  the  stems  of  plants 
(earp(‘nter  wasjjs).  Tliose  which  make  their  nests  in  the  ground  are  the 
most  easily  observed,  d'he  following  account  is  based  on  the  description 
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in  Social  Life  among  the  Insects  by  William  M.  Wheeler  and  refers  to  a  soli¬ 
tary  digger  wasp  of  the  genus  Sphex. 

After  mating  the  female  digs  a  slanting  or  perpendicular  tunnel  in 
sandy  soil  and  enlarges  its  lower  end  to  form  a  chamber.  This  completed, 
she  closes  the  entrance  to  the  tunnel  and  flies  into  the  air,  circling  over  the 
burrow  in  what  is  called  a  “flight  of  orientation”  or  “locality  study”  be¬ 
cause  it  enables  her  to  fix  in  her  senses  the  exact  position  of  the  burrow  | 
in  relation  to  the  surroundings.  Now  she  goes  off  in  search  of  her  prey  * 


Fig.  24:1  A  digger  wasp  (Sphex  procerus)  carrying  a  caterpillar  of  a  sphinx  moth  to  her 
burrow.  Photograph  by  Professor  Carl  Hartman. 


which  is  a  particular  species  of  hairless  caterpillar.  When  she  finds  one 
of  these  she  stings  it,  chews  its  neck,  and  sucks  some  of  its  blood  without, 
however,  killing  it.  Then  she  drags  it  to  the  entrance  to  her  burrow 
(Fig.  24:1).  After  opening  up  the  entrance  and  a  preliminary  inspection 
she  takes  the  caterpillar  down  into  the  chamber  and  fastens  a  single  egg 
to  the  surface  of  its  skin  (Fig.  24:2),  comes  out  and  closes  up  the  burrow 
which  she  leaves,  never  to  return.  As  soon  as  the  next  egg  matures  she 
repeats  the  performance.  The  egg  hatches  into  a  larva  which  after  eating 
the  caterpillar  spins  a  cocoon,  pupates,  and  emerges  as  an  adult  wasp. 

Since  the  mother  does  not  rear  her  offspring  and  indeed  probably 
never  sees  them  there  can  be  no  question  of  their  learning  this  rather 
complicated  pattern  of  behavior.  The  most  satisfactory  explanation  seems 
to  be  a  series  of  reflexes  following  upon  each  other.  Experiment  has 
shown  that  the  stinging  of  the  prey  follows  as  a  reflex  when  the  wasp 
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seizes  it  and  the  underside  of  the  wasp’s  body  is  touched  by  the  cater¬ 
pillar. 

Not  all  solitary  wasps  use  caterpillars  to  provision  their  nests.  Some 
use  beetles,  others  grasshoppers,  others  flies.  One  interesting  group  uses 
spiders :  the  giant  tarantula  killer  provisions  its  nest  with  the  giant  taran¬ 
tula.  The  social  wasps  provision  their  nests  with  the  bodies  of  insects. 
A  wasp  colony  consists  of  three  kinds  of  individuals:  males,  a  mature 


Fig.  24:2  Th(!  burrow  of  a  digger  wasp  {Sphrx  procerus)  in  section  showing  filling  of  debris 
in  the  tunnel  and  the  paralyzed  sphinx  moth  caterpillar  with  the  egg  of  the  wasp  glued 
to  its  side.  Photograph  by  Prolessor  (lari  Hartman. 

female  (queen),  and  workt'rs  (smalk'r,  stcrik'  lemales).  We  will,  however, 
pass  to  the  Ix'es  and  an  Is  for  a  study  of  insect  societies. 

4.  INSECT  SOCIETIES 

Insect  socielit's  liav('  inU'resK'd  /oologists  and  social  philosophers  fioin 
the  earli(‘st  limes,  on  aet'ouni  of  (luar  striking  peculiarities  and  their 
resemblances  both  ii'al  and  fanciful  to  human  institutions.  Foiii  dif¬ 
ferent  groups  of  inseels  hav(‘  (h'xadojied  “social  institutions,  appaiently 
iiuh'penclently  ol  (Mch  othei':  tin*  wasps,  bees,  ants,  and  white  ants  oi 
termites,  the  last  being  ciuitt' (lilha-ent  from  llu' true  ants  in  their  strueture 
and  social  orgaiiizati(;n.  We  ^vill  discuss  the*  bc('s,  ants,  and  tei mites. 
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Many  bees,  like  wasps,  are  solitary  diggers,  carpenters,  or  masons. 
Their  nests,  however,  unlike  those  of  the  wasps,  are  provisioned  with 
vegetable  food.  A  step  toward  a  social  organization  is  shown  by  certain 
species,  which  build  their  nests  in  groups  connected  by  a  common  corri¬ 
dor  with  a  single  external  opening.  Our  common  bumblebees  have  a 
well-organized,  although  transitory,  social  system.  The  following  de¬ 
scription  is  based  on  that  in  Vernon  L.  Kellogg’s  American  Insects.  Three 
kinds  of  individuals  occur,  males  or  drones,  fertile  females  or  queens, 
and  infertile  females  or  workers.  The  workers  are  always  smaller  than 
the  queens.  Only  fertilized  queens  live  through  the  winter,  hibernating 
in  holes  in  the  ground  or  hollow  trees.  When  spring  comes,  each  queen 
finds  some  deserted  mouse’s  hole,  mole’s  burrow,  or  other  cavity  in  the 
ground  and  begins  the  founding  of  a  colony.  She  gathers  some  pollen 
and  honey,  brings  it  to  the  hole,  and  there  makes  it  into  a  round  “pasty 
mass.”  On  this  lump  of  food  she  deposits  from  six  to  twenty  eggs  and  then 
brings  more  food  and  deposits  more  eggs.  The  larvae  which  hatch  out 
from  the  eggs  feed  on  the  pollen  and  honey  and  when  full  grown  spin  a 
silken  cocoon.  The  bees  which  emerge  from  these  cocoons  are  all  workers. 
They  enlarge  the  nest  and  bring  in  food.  The  queen  continues  to  lay 
eggs,  and  the  larvae  which  develop,  when  ready  to  pupate,  are  put  in 
wax  cells  by  the  workers.  .\s  the  number  of  workers  is  increased,  the  nest 
grows  in  size  and  may  become  as  big  as  a  man’s  head.  Such  a  nest  is 
composed  of  irregular  wax  cells  most  of  which  contain  larvae,  some  pol¬ 
len,  and  a  few  honey.  At  the  end  of  the  summer  males  and  fertile  females 
appear.  These  leave  the  nest  and  mate.  When  cold  weather  comes  the 
workers  and  males  die,  leaving  the  fertilized  females  to  continue  the 
species. 

The  honeybee  shows  us  the  highest  state  of  social  organization  found 
among  bees.  The  common  hive  bee.  Apis  mellifica^  kept  in  this  country 
is  an  importation  from  the  Old  World.  The  different  domesticated  races, 
German  or  black  race,  Italian  or  amber  race,  and  the  Carniolan  or 
striped  race  are  all  varieties  of  the  same  species.  As  in  the  case  of  the 
bumblebees  a  colony  consists  of  a  single  queen  or  fertile  female,  a  num¬ 
ber  of  drones  or  males,  and  numerous  workers  or  infertile  females. 

Under  domestication  bee  colonies  are  kept  in  hives.  The  ordinary 
hive  is  simply  a  tightly  closed  wooden  box  with  a  small  opening  for  the 
bees  to  enter.  This,  as  far  as  the  bees  are  concerned,  takes  the  place  of 
a  hollow  in  a  tree  trunk  or  a  burrow  in  the  ground.  In  this  wooden  box 
are  fitted  vertical  frames  of  thin  wood  about  4  inches  square  and  1-^ 
inches  wide,  which  are  usually  supplied  with  an  artificial  foundation 
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of  wax  on  which  the  bees  build  the  honeycomb,  consisting  of  small, 
hexagonal,  wax-walled  cells. 

A  prosperous  hive  in  summer  may  contain  sixty  thousand  to  eighty 
thousand  bees.  Of  these  one  is  a  queen,  several  hundred  are  drones, 
and  the  rest  are  workers  (Fig.  24:3).  In  the  central  part  of  the  hive  are 
the  brood  ceils.  Here  is  found  the  queen  passing  from  cell  to  cell  laying 
a  single  egg  in  each  at  the  rate  of  about  one  per  minute.  The  eggs  hatch 
in  3  days  into  soft-bodied,  white,  legless  larvae  which  lie  helplessly  in 


Fig.  24:3  The  lioney  bee  {Apis  melUfica).  Left  to  right,  worker,  queen  and  drone. 
Photographs  by  the  U.  S.  Department  of  Agriculture,  Bureau  of  Entomology  and  Plant 
Quarantine. 


the  cells  and  are  fed  “‘bet*  milk,”  a  mixture  of  digested  honey  and  pollen, 
by  the  nurse  workers.  As  each  larva  reaches  the  end  of  its  larval  period 
the  cell  is  covered  with  wax  bv  the  workers  and  the  larva  within  spins 
a  silken  cocoon  and  slowly  changes  into  a  pupa.  Metamorphosis  now 
occurs;  the  entin'  animal  is  made  over  both  internally  and  externally. 
At  the  end  of  from  10  days  to  2  weeks  a  worker  bee  gnaws  its  way  out  of 
the  cell.  The  ct'll  from  which  it  has  emerged  is  cleaned  out  and  used 
(‘ither  to  rear  anotlu'r  larva  or  to  store  pollen. 

1  h(*  majority  of  th('  ecdls,  those  not  in  the  center  of  the  hive,  are  used 
r()r  storing  honey.  1  h(‘  workc'r  Ix'cs  colh'ct  nectar  from  flowers  by  sucking 
it  into  their  (  I'ops  or  hoiK'y  sa('s.  I  his  th('y  bring  to  the  hives  and  regui- 
gitate  into  the  ('('lls  of  the  honeycomb.  1 1  ere  it  is  matured  into  honey  by 
evaporation  of  a  portion  ol  the  watrr  which  it  contains  and  the  addition 
of  a  small  amount  of  formic  acid,  probably  from  the  salivary  glands  of 
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the  workers,  which  acts  as  a  preservative.  The  stored  honey  is  used  to 
feed  larvae  and  to  provision  the  hive  during  that  part  of  the  year  when 
nectar  and  pollen  are  not  available.  I 

Certain  of  the  brood  cells  are  made  slightly  larger  than  the  majority. 

Into  these  cells  the  queen  lays  eggs  which  will  develop  into  male  bees 

or  drones.  These  larvae  are  fed  by 
the  workers  in  the  same  way  as  the  i 
worker  larvae,  but  have  rather  ' 
longer  larval  and  pupal  periods. 

A  bee  colony  grows  rapidly  dur¬ 
ing  the  early  summer  and  when  a  j 
colony  shows  signs  of  becoming  too  ! 
large  for  its  hive,  preparations  are  | 
made  for  ‘‘swarming.”  Steps  are  ! 
taken  by  the  workers  to  bring  into  the 
world  a  new  queen.  Some  of  the 
worker  cells  are  greatly  enlarged  or 
new  large  cells  are  made.  The  larvae  i 
in  these  cells  are  fed  for  the  first  three 
days  like  worker  larvae  but  after 
this  they  are  fed  lavishly  on  “royal 
jelly,”  a  rich  albuminous  bee  milk  i 

believed  to  be  formed  in  the  true  { 

stomach  or  ventriculus  of  the  workers  j 
and  regurgitated  into  the  queen  i| 
cells.  The  larval  period  of  the  queen  j 
larvae  is  approximately  the  same  as 
that  of  the  workers  but  the  pupal 
period  is  shorter,  about  nine  days. 

Usually  swarming  occurs  before 
the  young  queen  or  queens  emerge, 
for  the  old  queen  cannot  tolerate  ! 
even  her  own  daughters.  The  swarm  i 
consists  of  the  old  queen  and  a 
majority  of  the  workers,  only  a  few  1 
thousand  being  left  to  carry  on  the  old  colony.  Before  leaving  the  hive 
the  bees  fill  their  honey  sacs  with  honey,  enough  to  last  them  for  several  I 

days.  After  leaving  the  hive,  the  swarm  usually  comes  to  rest  on  the  j 

branches  of  a  near-by  tree  (Fig.  24:4).  Sometimes  some  of  the  workers 
have  previously  selected  a  hollow  in  a  tree  or  other  suitable  place  for  a 
new  nest.  In  this  case  the  swarm  flies  there  en  masse.  Otherwise  it  waits 


Fig.  24:4  A  swarm  of  honey  bees  (Apis 
mellifica).  Photograph  by  the  U.  S.  De¬ 
partment  of  Agriculture,  Bureau  of 
Entomology  and  Plant  Quarantine. 
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restlessly  while  scouts  are  sent  out  in  search  of  a  new  home.  The  bee¬ 
keeper  always  tries  “to  hive”  a  swarm  before  it  escapes  to  the  woods. 
In  their  new  nest  the  workers  immediately  begin  to  erect  the  honeycomb, 
and  the  queen  to  lay  her  eggs  and  found  a  new  colony.  The  wax  for  the 
honeycomb  is  secreted  by  the  workers  from  glands  on  the  under  side  of 
the  abdomen. 

In  the  old  colony  when  a  new  queen  emerges  there  may  be  a  second 
swarming  or  more  usually  the  old  colony  may  continue  with  the  new 
queen.  Now  occurs  the  nuptial  flight.  A  drone  from  the  same  hive  will 
not  mate  with  the  new  queen,  at  least  in  the  hive.  Choosing  a  bright 
sunny  morning  she  flies  out.  From  neighboring  hives  drones,  which  may 
be  lazily  sipping  nectar,  rise  up  and  follow  her.  The  queen  flies  higher 
and  higher,  outdistancing  all  but  the  more  powerful  males.  Eventually 
one  is  successful,  but  in  his  success  he  dies,  for  copulation  is  fatal  to  the 
drone.  The  queen  returns  to  the  hive  to  continue  the  colony.  A  female 
copulates  but  once,  the  spermatozoa  received  into  the  spermatheca  at 
that  single  copulation  remaining  alive  during  the  whole  of  her  fertile  life, 
which  is  about  three  years. 

The  spermatheca  opens  into  the  vagina  through  which  the  eggs  pass 
to  be  laid.  The  queen  has  the  power  to  control  the  passage  of  sperms 
from  the  spermatheca  and  therefore  to  determine  whether  or  not  the 
egg  will  be  fertilized.  Females,  workers  and  queens,  are  developed  from 
fertilized  eggs,  males  from  unfertilized  eggs.  As  already  stated,  whether 
a  female  develops  into  a  worker  or  a  queen  depends  on  its  food  during 
the  latter  part  of  its  larval  life. 

It  is  clear  from  this  brief  description  of  the  bee  colony  that  it  is  really 
a  single  family,  the  cpieen  having  given  birth  to  the  entire  population 
which  is,  therefore,  com[)osed  of  brothers  and  sisters.  Further,  although 
the  queen  is  carefully  tended  by  the  workers,  she  is  not  a  ruler  in  the 
sense  in  which  we  use  (he  word  queen. 

Ant  nests  are  made  in  (he  open  soil,  under  stones,  or  in  rotten  wood. 
The  colony  consists  of  a  fertile  female  or  queen,  males,  usually  present 
only  at  exTtain  jx'riods,  and  workers  which  are  infertile  females.  In  many 
cas(‘s  tluTC'  ar(‘  sev(‘ral  dilh'rent  kinds  or  castes  of  workers  adapted  to 
spec'ial  ae(ivi(i(‘S  siu  h  as  guarding  (he  nest  (soldiers),  gathering  food 
(work(‘rs  propc'r),  and  nurs('  work('rs.  I  hese  different  castes  are  structur¬ 
ally  (liffenait  (f'ig.  2-1:5)  so  that  (he  species  are  markedly  polymorphic. 
'Vhr  driver  and  l(Mrionary  ants  are  among  the  most  conspicuous  creatures 
of  the  tropics.  'They  are  th('  Huns  and  Tartars  of  the  insect  world,  and 
move  ifi  vast  armies  which  souK'tinu's  attack  large  animals  and  kill  them, 
'riu'  harvesting  ants  collect  sec'ds  and  store  them  in  granaries  under- 
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ground.  Some  ants  live  in  a  close  mutual  relationship  with  plants.  The 
fungus-growing  ants  make  underground  gardens  in  which  they  grow  a 
particular  species  of  fungus.  Some  species  keep  herds  of  aphids  or  plant 
lice  which  they  pasture  on  the  leaves  of  trees.  From  the  aphids  the  ants 
obtain  “honeydew,”  a  sweet  liquid  which  is  really  the  excrement  of  the 


Fig.  24:5  Polymorphism  in  ants  illustrated  by  the  adult  forms  of  Alia  (Oecodoma) 
cephalotes  taken  from  a  single  nest.  A,  male;  B,  winged  female;  C-F,  various  forms 
without  wings;  C,  so-called  soldier;  D,  large  worker;  E,  smaller  worker;  F,  smallest 
worker.  All  equally  magnified.  After  the  Cambridge  Natural  History,  from  Newman,  Out¬ 
lines  of  General  Zoology,  The  Macmillan  Company. 

aphid.  In  the  honey  ants  certain  individuals  transform  themselves  for 
the  storage  of  the  liquid,  hanging  from  the  roof  of  the  nest  where  they  are 
given  plant  juices  or  perhaps  honeydew  brought  in  by  the  workers  until 
they  swell  into  globular  honey  sacs.  The  workers  of  the  slave-making 
ants  go  on  expeditions  to  the  nests  of  other  ants,  the  workers  of  which 
they  capture  and  bring  to  their  own  nests  to  work  as  slaves.  Curiously 
enough  the  individuals  of  one  of  the  commonest  species  of  slave  makers 
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(Formica  sanguinea)  are  of  a  ruddy  color,  while  the  slaves  (Formica 
fasa)  are  black.  The  amazon  ants  have  become  so  addicted  to  the  prac¬ 
tice  of  slave  making  that  they  have  no  true  worker  caste  and  are  entirely 
dependent  on  their  slaves. 

The  termites,  called  also  white  ants,  are  really  not  ants  at  all  and  be¬ 
long  to  an  entirely  different  order,  the  Isoptera.  Although  from  many 
points  of  view  they  are  primitive  insects,  having,  for  example,  an  incom¬ 
plete  metamorphosis,  they  have  a  complicated  social  system.  They  are 
all  burrowing  animals  and  are  more  abundant  in  warm  countries  where 


Fig.  24:6  Termes  flavipes,  a  termite.  On  the  left,  a  worker;  in  the  center,  a  queen,  on 
the  right,  a  soldier.  Redrawn  from  Comstock,  A  Manual  for  the  Study  of  Insects,  copyright 
by  The  Comstock  Publishing  Company,  Inc. 

they  arc  a  serious  pcsl,  destroying  buildings  and  lurniture.  They  have 
been  known  to  enter  a  table  through  the  bottom  of  the  legs  and  to  eat 
all  the  inner  portions  so  that  a  slight  weight  crushed  it  to  the  floor. 
In  Florida  termites  do  much  damage  to  orange  and  other  valuable  trees. 

A  termite  colony  contains  individuals  of  a  number  of  different  types 
or  castes  (Fig.  24:6).  The  worker  castes,  of  which  there  may  be  several, 
varying  in  size  and  duties,  consist  of  infertile  males  and  females.  There 
arc  also  frequently  soldier  castes  which  likewise  contain  both  sexes.  These 
have  relatively  tremendous  heads  and  jaws.  The  royal  caste  consists  of 
kings  and  (pieens  which,  however,  do  not  rule  the  colony  and  have  little 
to  say  about  its  government.  When  full  grown  the  kings  and  queens  have 
wings.  In  May  or  June  in  the  case  of  the  common  northern  species  they 
leave  the  nest  and*  swarm.  “After  a  (light  of  some  distance  the  wings  are 
shed,  and  a  king  choos(‘s  some  queen  near  him  and  proposes  that  they 
start  a  kingdom  of  their  own.  But  like  mortal  kings  and  queens  they  can¬ 
not  reign  unle.ss  a  kingdom  is  found  Ibr  them,  and  so  millions  ol  royal 
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pairs  die  because  they  have  no  subjects.  But  sometimes  a  fortunate  couple 
is  discovered  by  some  termite  workers  who  at  once  take  possession  of  the 
wanderers  and  provide  them  with  food  and  with  shelter  in  the  shape  of  a 
large  circular  shallow  cell.”  ^  The  queen  soon  begins  to  develop  eggs  and 
her  abdomen  enlarges,  forming  a  huge  sac  more  like  a  potato  than  an 
insect,  both  in  shape  and  in  size.  She  is  perfectly  helpless  and  dependent 
on  the  workers  who  feed  her  and  carry  away  the  eggs  which  are  laid  in 
enormous  numbers.  The  larvae  which  hatch  from  the  eggs  arc  fed  by 
the  workers. 

5.  INSECTS  IN  RELATION  TO  MAN 

Insects  arc  man’s  chief  competitors  in  the  struggle  for  existence.  They  | 
eat  his  crops  before  he  can  har\'cst  them  and  cat  them  after  they  arc  har-  : 
vested,  kill  trees,  lay  waste  forests,  and  destroy  woodwork,  eat  his  clothes,  j 
infest  his  body,  and  distribute  horrible  diseases.  So  important  is  man’s  I 
war  against  insects  that  its  study  is  the  subject  of  a  special  science,  ap-  t 
plied  entomology,  and  to  it  is  devoted  a  special  branch  of  the  govern-  i 
ment. 


A.  USEFUL  INSECTS 


A  few  insects  arc  exceptions  to  this  general  indictment  and  can  be 
listed  as  producers  of  important  economic  products.  Such  are  the  bee 


Fig.  24:7  Stages  in  the  life-history  of  the  silkworm  {Bombyx  mori).  A,  caterpillar;  B,  co¬ 
coon,  from  which  the  silk  is  obtained ;  C,  adult  female  moth.  After  Shipley  and  MacBride, 
from  Hegner,  College  ^oology^  The  Macmillan  Company. 


and  the  silkworm.  The  honeybee  is  considered  at  length  in  this  chapter. 
Honey  is  the  nectar  of  flowers  ripened  in  the  cells  of  the  beehive.  Natural 
silk  is  obtained  from  the  cocoons  spun  by  silkworms  or  larvae  of  the  silk¬ 
worm  moths,  of  which  there  are  a  number  of  species,  the  best  known  be¬ 
ing  Bombyx  mori  (Fig.  24:7).  The  larvae  are  fed  on  the  leaves  of  the  mul¬ 
berry  which  is  grown  for  the  purpose.  Silk  culture  requires  a  great  deal 

*  Quotations  are  from  Comstock,  A  Manual  for  the  Study  of  Insects. 
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of  hand  labor.  China  and  Japan,  where  such  labor  is  cheap,  are  the  great 
silk-producing  countries.  Southern  Europe  was  at  one  time  an  important 
source  of  natural  silk,  but  the  culture  of  silkworms  is  gradually  being 
replaced  by  the  more  profitable  manufacture  of  rayon  and  other  silk 
substitutes. 

B.  INSECT  PESTS 

Mosquitoes  have  already  been  mentioned  as  the  intermediate  hosts 
of  the  parasites  of  three  important  diseases,  malaria,  yellow  fever,  and  the 
disease  caused  by  the  filaria  worm  (filariasis) .  In  each  case  a  different 
species  of  mosquito  is  concerned.  Malaria  is  transmitted  by  mosquitoes 
of  the  genus  Anopheles,  yellow  fever  by  certain  species  of  Aedes  (Stegomyia), 
while  the  filaria  worm  is  carried  by  mosquitoes  of  a  number  of  different 
genera.  There  are  also  many  other  species  of  mosquitoes  which  suck  the 
blood  of  man.  Mosquitoes  lay  their  eggs  on  the  surface  of  the  water  in 
pools,  bogs,  reservoirs,  and  even  tin  cans.  The  larvae  are  aquatic  and 
spend  from  one  to  three  weeks  in  the  water  before  going  into  the  pupal 
stage.  The  pupae  float  at  the  surface  of  the  water  and  give  rise  to  the  adult 
mosquitoes  in  from  two  to  six  days. 

Various  methods  are  used  to  combat  mosquitoes  but  they  all  depend 
on  doing  away  with  the  breeding  places  or  destroying  the  larvae.  Swamps 
and  ponds  are  drained,  cisterns  screened.  Where  the  water  cannot  be 
drained  away  it  can  be  covered  with  a  thin  layer  of  kerosene  or  crude  oil 
which  prevents  the  larvae  from  breathing  but  this  destroys  the  other 
animal  life  present.  When  it  is  impossible  or  undesirable  to  use  either  of 
these  methods,  natural  enemies  of  the  mosquito,  such  as  minnows  and 
dragonflies,  may  be  introduced. 

Houseflies  are  not  only  a  pest  to  the  housekeeper  but  they  are  a  con¬ 
stant  menace  as  (he  carriers  of  (he  germs  of  disease  from  person  to  person 
and  place  (o  place'.  ITu'  housefly  is  known  to  be  a  carrier  of  typhoid  and 
is  also  Ix'liewed  to  spread  such  diseases  as  tuberculosis,  cholera,  dysentery, 
small j)ox,  and  (lij)hl  hrria.  "1  he  ge'rnis  may  be  carried  on  the  surface  of  the 
body  of  (he  fly,  especially  tlu'  lee't  and  wings,  or  the  fly  may  cat  the  germs 
with  its  food  and  j)ass  (Ih'iu  out  in  its  leers.  I’.xperiments  have  shown  that 
a  single'  fly  may  e\'u*ry  e)ve‘r  a  milliem  bacteria.  1  he  common  housefly 
will  bre'e-el  in  alme)s(  any  kinel  e)f  ele'e  aying  organic  matter  but  it  seems  to 
fave)r  he)rse'  manure'.  I  h're*  the'  l.irvae'  le'e'el,  grow,  and  pupate.  Flies  and 
me)se juile)e*s  l)e'le)ng  le)  the*  e)rele'r  I)ij)ter.i. 

LJee  (I'ig.  2'1:8)  aie-  small  wingle'ss  inse'cts  which  live  on  the  skin  of 
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Pediculus  humanus  capitis^  lives  in  the  hair  of  the  head,  where  it  lays  its  eggs 
and  passes  through  its  entire  life  cycle.  The  body  louse,  Pediculus  humanus 
corporis^  referred  to  as  the  clothes  louse,  or  grayback,  is  the  “cootie”  of 
the  First  World  War.  It  lays  its  eggs  in  clothing  and  to  some  extent  lives 
there,  obtaining  its  nourishment,  however,  by  sucking  blood.  The  body 


Fig.  24:8  External  insect  parasites  of  man. 


MALE  FLEA 
(Pulex  irritans) 


FEMALE  FLEA 
(Pulex  irrifans) 


louse  is  dangerous  as  well  as  disagreeable  since  it  transmits  typhus  fever, 
relapsing  fever,  and  trench  fever.  The  crab  louse,  Phthirius  pubis  (called 
also  Phthirius  inguinalis),  lives  on  the  skin  and  in  the  hair  of  the  pubic  and 
inguinal  regions.  The  name  refers  to  the  fact  that  the  legs  stick  out  from 
the  sides  of  its  body  like  those  of  a  crab. 

The  bedbug,  Cimex  lectularius,  is  a  somewhat  larger  insect  than  the  lice 
described  above,  with  an  oval  abdomen,  much  compressed  dorsoven- 
trally,  and  either  no  wings  or  rudimentary  wings  (Fig.  24:8).  During 
the  day  it  hides  in  cracks  or  under  carpets  and  at  night  goes  abroad  in 
search  of  its  meal  of  blood. 

The  third  group  of  insect  parasites  which  plague  mankind  are  the  fleas. 
These  small,  laterally  compressed,  wingless  animals  are  parasitic  only 
in  their  adult  stage  when  they  live  in  the  hair  and  suck  the  blood  of 
birds  and  mammals  (Fig.  24:8).  Their  larvae  are  wormlike  and  live  in 
and  on  the  dust  and  dirt  which  collects  in  cracks,  under  carpets,  and 
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in  the  folds  of  upholstery.  The  scientific  name  of  the  human  flea  is  Pulex 
irritans.  However,  fleas  are  not  very  particular  about  their  hosts  and  the 
fleas  of  domestic  animals  may  annoy  man.  The  Indian  rat  flea,  Xenopsylla 
cheopis,  is  of  importance  as  a  transmitter  of  the  bubonic  plague. 

C.  INSECTS  INJURIOUS  TO  CROP  PLANTS 

The  Hessian  fly,  Phytophaga  destructor ^  is  the  worst  enemy  of  the  wheat 
plant.  This  fly  lays  its  eggs  between  the  leaf  bases  and  the  stem.  The 
larvae  which  hatch  out  eat  their  way  into  and  through  the  stalk.  Two 
or  three  broods  are  produced  in  a  year.  The  larvae  produced  at  the  end 
of  the  summer  remain  in  the  pupal  stage  through  the  winter  and  hatch 
into  flies  in  the  spring. 

The  larvae  of  many  species  of  Lepidoptera  bore  into  the  stems  of  crop 
plants  and  cause  great  loss  to  the  farmer.  Thus  there  is  the  European 
corn  borer,  Pyrausta  nubilalis,  which  attacks  other  species  of  cultivated 
plants  besides  maize;  the  large  cornstalk  borer,  Diatraea  zeacolella,  which 
attacks  the  young  corn;  and  the  sugar-cane  borer,  Diatraea  saccharalis. 

The  gypsy  and  brown-tail  moths  destroy  large  numbers  of  trees  in 
the  New  England  states.  The  gypsy  moth,  Porthetria  dispar,  is  an  importa¬ 
tion  from  Europe,  having  been  brought  to  Massachusetts  in  1866  by  a 
well-meaning  gentleman  who  thought  it  might  be  the  means  of  starting 
a  silk  industry  in  that  state.  Some  of  the  moths  escaped  and  the  insect 
became  established  in  the  vicinity,  but  was  not  recognized  as  a  serious 
pest  until  some  twenty  years  later.  Since  that  time  it  has  spread  over  most 
of  New  England.  The  eggs  are  laid  in  masses  on  the  bark  of  trees,  on 
walls,  and  in  fact  almost  anywhere.  The  larvae  eat  the  leaves  of  a  number 
of  different  kinds  of  trees,  including  most  of  the  common  shade  and  fruit 
trees.  The  brown-tail  moth,  Euproctis  chrysorrhoea,  is  another  scourge  of  the 
forest  introduced  into  Massachusetts  from  Europe.  It  was  first  recorded 
in  1897  and  has  since  spread  over  New  England  and  the  adjacent  Mari¬ 
time  Provinces  of  Canada.  Like  the  gypsy  moth  the  larvae  feed  on  the 
leaves  of  fruit  and  shade  trees.  Gy|xsy  and  brown-tail  moths  cost  the  state 
of  Massachusetts  alone  many  millions  of  dollars  each  year. 

The  weevils  (family  Curculionidac)  are  a  group  of  beetles.  In  the 
adult  the  head  is  prolonged  into  a  long  beak,  sometimes  as  long  as  the 
body.  The  larvae  are  soft,  wormlike  grubs  which  feed  on  fruits  and  seeds. 
The  cotton-boll  weevil,  AntJionomus  grandis,  was  introduced  from  Central 
America  and  spread  through  Mexico  to  the  cotton-growing  states  in 
1890.  It  is  now  the  cotton  growers’  most  serious  enemy.  The  beetles  lay 
their  eggs  in  the  young  bolls.  The  larvae  which  hatch  out  destroy  the 
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fruit.  Different  species  of  weevils  attack  the  sweet  potato,  strawberry, 
plum,  and  many  other  fruits  and  garden  vegetables. 


I.  THYSANURA 


VII.  EPHEMEROPTERA 


ANNELID-LIKE  ANCESTOR 

Fig.  24:9  Hypothetical  phylogenetic  tree  of  the  class  Insecta.  I.  Silverfish.  II.  Spring- 
tail.  III.  Praying  mantis.  IV.  Earwig.  V.  Termite.  VI.  Stonefly.  VII.  Mayfly.  VIII. 
Dragonfly.  IX.  Lacewing  fly.  X.  Scorpion  fly.  XI.  Caddis  fly.  XII.  Stable  fly.  XIII.  Flea. 
XIV.  Butterfly.  XV.  Bird  louse.  XVI.  Cootie.  XVII.  Book  louse.  XVIII.  Thrips.  XIX. 
Cicada.  XX.  Triatoma  kissing  bug.  XXL  Potato  beetle.  XXI I .  Bumble  bee.  The  figures 
are  not  drawn  to  scale.  From  Hegner,  College  ^oologjfj  The  Macmillan  Company. 
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The  insects  which  are  most  injurious  to  crops  are  nearly  always  insects 
which  have  been  introduced  from  foreign  countries.  The  reason  for  this 
is  biological.  In  their  natural  habitats  all  insects  have  enemies  which  are 
often  other  insects  which  keep  them  in  check.  When  they  enter  a  new 
country  or  are  artificially  introduced  their  enemies  are  left  behind.  In 
many  cases  the  introduction  of  these  very  enemies  from  the  foreign  coun¬ 
tries  has  proved  a  successful  method  of  control. 

D.  DESTRUCTIVE  INSECTS 

Many  insects  destroy  the  products  of  human  industry.  Two  examples 
may  be  considered,  the  termites  already  referred  to  in  the  section  on 
social  insects,  and  the  clothes  moths.  Termites  attack  particularly 
structures  and  articles  made  of  wood.  There  are  three  species  of 
clothes  moths,  the  larvae  of  which  live  on  woolen  clothing  and  furs.  The 
naked  clothes  moth,  Tineola  biselliella,  is  the  most  common.  Its  wings  are 
of  a  light  staw  color.  The  case-bearing  clothes  moth.  Tinea  pellionella, 
is  brown  with  three  dark  spots  on  each  forewing.  In  the  tube-building 
clothes  moth,  or  tapestry  moth,  Trichophaga  tapetzella^  the  forewings  are 
black  and  white.  In  all  three  species  the  moths  are  small,  having  a 
wing  spread  of  about  ^  inch.  In  each  case  it  is  the  larva  which  does  the 
damage. 

6.  THE  INSECTS  AS  A  GROUP 

The  class  Insccta  contains  over  625,000  known  species,  more  than 
there  are  known  species  of  all  other  living  things,  plants,  or  animals,  and 
no  doubt  there  are  hundreds  of  thousands  of  species  not  yet  discovered. 
A  brief  classification  showing  the  commoner  orders  of  insects  with  ex¬ 
amples  is  given  in  the  Appendix.  A  complete  classification  is  beyond 
the  scope  of  this  textbook.  Works  of  many  volumes  have  been  written  on 
single  orders  and  even  families.  T  he  evolution  of  the  Insecta  shows  many 
divergent  branches  adapted  and  specialized  for  particular  modes  of  life 
and  particular  environmental  conditions  (I'ig.  24:9). 


Topical  Outline  of  Chapter  24 

1.  Mctatnor|)h()sis 

2.  Serial  homology 

?).  T'lie  artliroiMKl  “mind” 

4.  Insect  societies 
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5.  Insects  in  relation  to  man 

A.  Useful  insects 

B.  Insect  p)csts 

C.  Insects  injurious  to  crop  plants 

D.  Destructive  insects 
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6.  The  insects  as  a  group 


Questions 

1.  Name  the  different  kinds  of  metamorphosis.  Which  kind  would  you  expect 
to  find  in  the  most  primitive  insects? 

2.  Discuss  the  changes  which  occur  at  metamorphosis  in  a  butterfly.  What  arc 
the  main  biological  differences  between  the  imago  and  the  larv’a? 

3.  Discuss  the  appendages  of  the  crayfish,  gprasshopp>cr,  or  bee  with  regard  to 
their  serial  homology. 

4.  What  is  adaptation?  Give  examples  from  your  study  of  the  arthrojxxls. 

5.  Give  an  example  of  instinctive  Ixrhavior  and  discuss  how  it  may  be  explained 
as  a  scries  of  reflexes. 

6.  Compare  a  l^cchivc  or  an  ant  nest  with  a  human  community. 

7.  Name  nine  orders  of  insects  and  give  a  brief  account  of  each. 

8.  Place  the  following  insects  in  the  orders  to  which  they  belong:  beetle,  cock¬ 
roach,  “fish  moth,”  butterfly,  l>ce,  grasshopper,  housefly,  w-asp,  dragonfly, 
aphid,  while  ant,  caddis  fly,  moth,  ant,  cricket,  cicad. 

Suggestions  for  Further  Reading 

Wheeler,  William  M.,  Social  Life  among  the  Insects^  Harcourt,  Brace  &  Company, 
Inc.,  New  York,  1923.  Fascinating  accounts  of  the  social  lives  of  insects 
by  the  greatest  American  authority  on  the  subject. 

Duncan,  Carl  Dudley,  and  Gayle  Pickwell,  The  World  oj  Insects^  McGraw-Hill 
Book  Company,  Inc.,  New  York,  1939. 

Comstock,  John  Henry,  and  .\nna  Botsford  Comstock,  A  Manual  Jot  the  Study  oJ 
Insects f  Comstock  Publishing  Company,  Ithaca,  N.  Y.,  1895. 


CHAPTER  25 


Review  of  Phyla  already  Considered 
and  Some  Additional  Phyla 


Before  going  further  in  the  study  of  animal  structure  it  will  be  well 
for  us  to  review  the  progress  of  evolution  in  the  types  already  considered 
(Fig.  25:1). 

1.  REVIEW  OF  THE  PHYLA  ALREADY  CONSIDERED 

PROTOZOA.  Single-celled  individuals  or  colonies  of  single-celled  in¬ 
dividuals.  In  many  cases  the  individual  cells  show  a  high  degree  of  dif¬ 
ferentiation  but  the  progress  of  their  evolution  seems  to  be  limited  by  the 
size  which  a  cell  many  attain  and  the  amount  of  specialization  which 
can  occur  in  the  diflcrcnt  parts  of  the  protoplasm  of  a  single  cell. 
The  formation  of  colonics  of  single  cells  may  have  been  the  method  by 
which  multicellular  animals  were  evolved  from  simple,  single-celled 
forms.  The  cellular  structure  of  the  more  highly  evolved  protozoa,  for 
example  that  of  Paramrdum,  is  quite  difTerent  from  the  cellular  structure 
of  the  cells  of  a  multicellular  animal  such  as  Hydra  or  the  earthworm. 
Animals  like  Paramecium  are  on  a  bypath  ofT  the  general  trend  of  evolution 
toward  higher  forms. 

COELENTERATA.  Saclike  animals  with  a  body  consisting  of  two  layers 
of  cells,  an  epidermis  or  ectcxlerm  and  a  gastrodermis  or  endoderm, 
surrounding  a  gastrovascular  cavity.  Hydra  seems  to  represent  a  simple 
type  of  animal  which  may  re.semble  the  ancestor  of  higher  types.  The 
alternation  of  generations  seen  in  this  phylum  is  a  special  development 
and  not  related  in  any  way  to  the  development  of  higher  forms  as  was 
h)und  to  be  the  case  in  the  alternation  of  generations  of  plants. 

PLATYHELMINTHES.  T  he  saclike  structure  of  the  coelenterates  has  been 
elaborated  by  the  formation  of  a  third  kind  of  tissue,  the  mesodeim,  imd 
tlie  development  in  it  of  special  organs,  liilateral  symmetry  is  associated 

with  locomotion  and  a  more  active  life  than  that  of  the  coelenterates.  T  he 
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majority  of  the  existing  members  of  this  phylum  have  taken  to  parasitism 
and  manage  to  find  a  living  under  rather  s|)ecial  conditions.  These  latter 
are  to  be  regarded  as  having  taken  a  bypath  as  far  as  the  general  course 
of  evolution  is  concerned. 


PHYtUM 

PROTOZOA 


Cytoplosm 


.NucUus 
Vacuole 


Sinf^lc  celled  animaU  or 
colonics  of  single  celled 
individuals 


PHYLUM 

COELENTERATA 


Mouth 


Tentacle 


Goitrovosculor 
cavity--'*  V’ 


...•Epidermis 
Gastrodermis 


Sac-like  animals  with  a 
body  consisting  of  two 
layers  of  cclU,  ectoderm 
and  endoderm,  surround¬ 
ing  a  coelenteron,  or  gas- 
trovascular  cavity 


PHYLUM 

PLATYHELMINTHES 


Mouth 


Gostrovascular 
''covity 


"••Mesoderm 


Sac-like  triploblastic  ani¬ 
mals  with  bilateral  sym¬ 
metry 


PHYLUM 

NEMATHELMINTHES 


Alimentary  conol 

Mouth  - : -  Anus 


"Mesoderm 


Bilaterally  symmetrical, 
triploblastic  animals  with 
a  tubc-within-a-tubc  tyjjc 
of  structure  and  a  b^y 
cavity  which  is  probably 
not  a  true  coelom 


PHYLUM 

ANNELIDA 


PHYLUM 

ARTHROPODA 


Alimentary  conol 


Coelom  Nervous  system 


Anus 


Mesoderm 
.'Antenna 


Bilaterally  symmetrical, 
triploblastic  animals  with 
a  tube-within-a-tube  t>'pc 
of  structure,  a  true  coelom, 
and  metamerism 


Stomach . 
Eye. 


Coelom 

Intestine 


Nervous  system 


Bilaterally  symmetrical, 
triploblastic  animals  with 
a  tubc-within-a-tube  typ>c 
of  structure,  a  true  coelom 
(which  is  usually  re¬ 
stricted),  metamerism, 
jointed  appendages,  and 
well-dcvelop)ed  ccphaliza- 
tion 


Fig.  25:1  The  evolution  of  structure  in  six  invertebrate  phyla. 


NEMATHELMINTHES.  The  tulx*-within-a-tubc  type  of  structure  appears. 
The  cavity  between  the  two  tubes  is  not,  however,  a  true  coelom  and  this 
fact  raises  considerable  doubt  as  to  whether  these  animals  arc  on  the 
line  of  descent  of  animals  which,  like  the  earthwwm,  have  a  true  coelom. 
The  phylum  may  be  on  a  bypath. 

ANNELIDA.  Here  the  tube-within-a-tube  type  of  structure  is  present 
with  a  true  coelom  and  metamerism  app>ears  for  the  first  time.  There 
also  appears  a  well-developed  circulatory  system  and  a  nervous  system 
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of  the  ladder  type.  The  annelid  type  of  structure  shows  great  possibilities 
and  the  phylum  undoubtedly  lies  near  to  the  main  line  of  evolution  of 
some  of  the  higher  forms. 

ARTHROPOD  A.  This  phylum  shows  two  advances :  jointed  appendages 
and  cephalization.  Although  cephalization  begins  in  the  simpler  phyla 
with  bilateral  symmetry  and  locomotion  it  is  conspicuously  developed 
here.  Small  but  true  coelomic  cavities  are  present  in  the  reproductive 
organs  and  at  the  internal  ends  of  the  excretory  organs  in  the  members 
of  the  phylum,  and  it  seems  possible  that  in  the  ancestors  of  this  phylum 
there  was  a  more  extensive  true  coelom.  The  exoskeleton,  although 
making  possible  the  development  of  jointed  appendages  and  a  more 
active  life,  limits  the  growth  and  size  of  the  animals  and  probably  ac¬ 
counts  for  the  relatively  small  size  of  arthropods  in  general  as  compared 
with  vertebrates.  One  can  scarcely  say  that  the  arthropods  are  on  a 
bypath  when  the  group  includes  at  least  half  the  known  species  of 
organisms.  However,  it  is  doubtful  if  the  ancestors  of  any  of  the  other 
phyla  of  the  animal  kingdom  arc  to  be  found  among  them. 

There  arc  three  important  phyla  not  yet  considered  but  which  cannot 


be  omitted  in  any  survey  of  the  invertebrates.  They 
are  the  Porifera  or  sj)onges,  the  1  .chinodermata  for 
which  we  have  no  inclusive  common  name,  and  the 
Mollusca  or  mollusks. 


2.  SPONGES  (PHYLUM  PORIFERA) 


Spf)nges  are  widely  distribut’d  in  both  fresh  and 
salt  wat(’r.  '1  hey  vary  considerably  in  size  and  sha|)e. 

Scjinc  may  reach  a  si/e  oi  2.^  to  3  leet  in  dianu’ler. 

( )thers  form  thin  coleired  iin  l  uslations  on  rocks, 
d  he  j)r<’sence  of  nmiK’rou  .  p(»r(‘s  on  the  external  sur¬ 
face  of  the  animal  ihrouidi  \\hi(  li  waK'r  is  taken  to 
the  interior  ac('ounts  l«»r  tla*  .eientili*  name  ol  tlu 
group  which  means  be.ii'ers.  1  he  ph\lum 

Porifera  does  not  seem  to  In*  on  th<’  main  liiu  ol  nr  « 

evolution  of  the  more  higlilv  organized  animals  hut  I-Voni 

possesses  some  biologieal  inten'st  on  aeeonnt  ol  the  j  j  WoihIiuIV,  .Im- 
abnndanceof  indiviilnals  todav  and  its  long  geolog-  mal  lUolofiv.  Hu-  M.ic- 
ieal  history.  A  < onvemi’iit  laboraloi  v  lvp<’  is  niillan  C'.umpany. 

(I'iv  2^v?)  a  link’  va^e  shajied  eri’atnre  which  lives 

liy  , , It. M  hr<l  K.i.x  ks  .MUI  uli.irfiMl.-.s,  jnsl  l.clow  l.nv  ti.lr.  TUc 
i„„.,  i,„  „|  ilw  v.,s.-  is  ...vui.i.-.  I  l.v  .1  Kastral  cavity,  an.l  ll.<-  .)|)<'i.ing  at  the 
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top  is  called  the  osculum.  Water  enters  the  sponge  through  pores  in  the 
outer  surface  which  communicate  with  the  gastral  cavity  by  canals  (Fig. 

25:3).  In  sponges  of  the 
type  to  which  Grantia  be¬ 
longs,  incurrent  canals 
lead  inward  from  the 
pores  toward  the  gastral 
cavity  but  end  before 
reaching  it.  Other  canals, 
known  as  excurrent  ca¬ 
nals,  extend  from  the 
gastral  cavity  toward  the 
exterior  between  the  in¬ 
current  canals  but  end 
before  reaching  the  ex¬ 
terior.  Connecting  these 
two  types  of  canals  are 
shorter  and  smaller  ca¬ 
nals,  called  prosopyles, 
excurrent  canals. 


Fig.  25:3  Diagrammatic  section  of  the  wall  of  a 
sponge,  showing  canal  systems.  On  the  left  is  the  gastral 
cavity  of  the  sponge;  on  the  right  the  exterior.  Prosopyles 
connect  the  incurrent  with  the  excurrent  canals. 


which  connect  the  incurrent  and 

A  layer  of  cells,  called  the  dermal  epithelium,  which  has  been  found 
not  to  correspond  with  the  epider¬ 
mis  of  Hydra^  covers  the  outer  sur¬ 
face  of  the  sponge  and  lines  the  in¬ 
current  canals.  The  gastral  cavity 
and  the  excurrent  canals  are  lined 
with  an  epithelium  which  in  the 
case  of  the  latter  canals  is  com¬ 
posed  of  peculiar  cells  resembling 
a  certain  type  of  flagellated  proto- 
zoon,  and  called  collar  cells  (Fig. 

25:4).  The  inner  epithelium  has 
been  found  not  to  be  comparable  or 
homologous  with  the  endoderm  of 
Hydra.  The  collar  cells  create  the 
currents  by  which  water  is  caused 
to  enter  at  the  pores  and  pass 
through  the  incurrent  canals,  proso¬ 
pyles,  and  excurrent  canals  to  the 
gastral  cavity  and  out  through  the  osculum. 

Between  the  dermal  and  gastral  epithelial  layers  is  a  gelatinous  material 


Fig.  25:4  Section  of  an  excurrent  canal 
of  a  sponge,  highly  magnified  to  show  the 
collar  cells  and  flagella.  1 ,  nucleus  of  collar 
cell;  2,  vacuole  in  collar  cell;  3,  excurrent 
canal.  After  Shipley  and  MacBride,  from 
Newman,  Outlines  of  General  Z^ology^  The 
Macmillan  Company. 
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containing  amoeboid  cells.  The  skeleton  of  Grantia,  like  that  of  most 
sponges,  consists  of  minute  spicules  which  are  formed  by  cells  in  the 
dermal  layer.  Some  spicules  of  a  sponge  are  illustrated  in  Fig.  25:5. 
The  spicules  provide  the  sponge  with  rigidity.  Sponges  are  classified 
mainly  according  to  the  composition 
and  form  of  the  spicules.  In  some 
sponges,  as  in  Grantia,  they  are  cal¬ 
careous  and  composed  of  carbonate 

of  lime;  in  others  they  are  siliceous  ^  Tactile  organ 

and  composed  of  silicon,  as  m  the  -Eye 

'“Tooth 
'Mastax 
^Salivary  gland 

—  Stomach-intestine 

Vitellarium 

“Egg 


Fig.  25:5  Sponge  spicules. 

beautiful  Venus  flower-basket.  In 
other  sponges  fibers  of  a  peculiar  sub¬ 
stance  called  spongin  may  be  com¬ 
bined  with  siliceous  spicules  to  make 
the  skeleton.  In  others,  as  for  example 
the  bath  sponge,  the  skeleton  may 
consist  of  spongin  fibers  only. 

3.  ROTIFERS  (PHYLUM  ROTIFERA) 


rf — '"Blasendarm" 


Fig.  25:6  A  rotifer  (Philodina),  a  com¬ 
mon  fresh-water  species.  A  dorsal  view 
of  a  living,  extended  individual.  From 
I  legner,  Co//r^<'  Zoology y  The  Macmillan 
Company. 


A  few  drops  of  [lond  water  when 
examined  under  th(*  low  power  ol 
the  microscope  will  usually  show 
numbers  of  rotifers  (lug-  25:6)  which 
on  account  of  their  small  size  and  ciliated  movement  may  be  confused 
with  Protozoa.  'Phe  cilia  are  usually  arranged  in  two  circles  or  wheels 
at  the  anterior  end  near  the  mouth.  All  confusion  with  Protozoa  will  be 
dispelled  when  the.  internal  organs  are  studied.  There  is  a  digestive  system 
consisting  of  a  mouth  and  pharynx  leading  into  a  chewing  stomach  or 
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mastix  which  is  provided  with  chitinous  jaws  that  are  constantly  in  mo¬ 
tion.  This  is  followed  in  turn  by  a  larger  stomach-intestine  which  is 
usually  filled  with  food.  A  short  rectum  leads  to  a  posterior  anus.  There 
is  a  pair  of  excretory  tubes.  The  body  cavity  is  not  a  true  coelom.  The 
sexes  are  separate. 

An  interesting  feature  is  the  production  of  summer  eggs  which  develop 
parthenogenetically,  i.e.,  without  fertilization,  and  winter  eggs  which, 
when  fertilized,  develop  into  females.  By  secreting  a  gelatinous  envelope 
some  rotifers  are  able  to  resist  drying  up  and  live  through  great  extremes 
of  drought  and  temperature. 


4.  MOSS  ANIMALS  (PHYLUM  BRYOZOA) 

The  Bryozoa  (Fig.  25:7)  are  interesting  chiefly  on  account  of  their 
abundance  in  the  sea,  especially  in  the  shallow  water  near  the  seashore. 
Like  the  rotifers  they  are  minute  multicellular  animals.  In  most  species 

the  individuals  arc  associated  to  form  col¬ 
onics  attached  to  rocks,  seaweed,  and  so  on. 
The  resemblance  to  the  mosses  (Bryophyta) 
is  rather  fanciful.  They  arc  more  apt  to  be 
confused  with  hydroids  to  which  they  bear 
a  considerable  superficial  resemblance. 

The  individual  consists  of  a  body  wall 
which  in  many  forms  secretes  a  hard  outer 
covering  forming  a  boxlike  structure  into 
which  the  soft  parts  may  be  retracted.  The 
mouth  is  surrounded  by  ciliated  tentacles 
somewhat  like  those  of  a  hydroid  and  which, 
like  them,  carry  food  to  the  mouth.  The 
digestive  tract  is  U-shaped  and  consists  of 
esophagus,  stomach,  and  intestine  which 
opens  to  the  exterior  by  an  anus.  The 
Bryozoa  are  divided  into  two  classes:  class 
Entoprocta  and  class  Ectoprocta.  In  the  Entoprocta  the  anus  opens  to 
the  exterior  within  the  crown  of  tentacles.  In  the  Ectoprocta  it  opens 
outside  the  crown.  There  is  a  true  coelom  in  which  the  digestive  tract 
is  suspended  in  the  Ectoprocta.  A  pair  of  nephridia  are  present  in  the 
Entoprocta.  The  individuals  are  hermaphrodites  possessing  both  ovary 
and  testis.  From  time  to  time  the  internal  organs  are  discarded  and  a 
complete  new  set  is  formed  from  the  body  wall. 


Fig.  25:7  A  br>'ozoan.  A  dia¬ 
gram  showing  the  structure  of  a 
single  individual.  From  Hegner, 
College  Zoology^  The  Macmillan 
Company. 
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5.  THE  LAMP  SHELLS  (PHYLUM  BRACHIOPODA) 

The  Brachiopoda  (Fig.  25:8)  are  of  interest  chiefly  because  of  their 
long  and  abundant  fossil  history.  Their  bivalved  shells  resemble  those  of 
a  mollusk.  However,  while  the  shell  of  a  clam,  for  example,  consists  of 
right  and  left  halves,  hinged  on  the  dorsal  side  of  the  animal,  the  shell 
of  a  brachiopod  consists  of  dorsal  and  ventral  halves  hinged  at  the  end. 
A  pair  of  large  ciliated  arms  occupies  a  large  part  of  the  space  enclosed 
by  the  valves  of  the  shell.  These  pass  food  to  the  mouth  which  leads  into 


Lophophore 


Fig.  25:8  Brachiopoda.  Diagram  of  a  sagittal  section  of  an  individual.  The  arms  form 
the  lophophore.  From  Ilegner,  College  ^oology^  The  Macmillan  Company. 

a  Stomach  followed  by  an  intestine.  A  true  coelom  is  present  and  contains, 
in  addition  to  the  digestive  organs,  a  puin|flng  organ  called  the  heart 
and  a  pair  of  nephrldia.  'Fhc  sexes  arc  usually  separate. 

6.  ECHINODERMS  (PHYLUM  ECHINODERMATA) 

"1  he  echinod(‘rms  are  sj)iny-skinned  marine  animals.  A  familiar  ex- 
am[)le  is  th(*  starhsh  wliieh  will  b('  ch'seribed  briefly. 

'The  starfish  (lug.  25:9)  is  a  radially  symmetrical  animal  in  which 
respect  it  resembles  Hydra,  h'rom  a  central  portion  or  disc,  arms  or  rays, 
usually  five  in  numlx'r,  (‘xtend  out  like  the  points  of  a  star.  As  the  starfish 
is  usually  seen  on  a  rock  or  on  sand  its  mouth  is  at  the  centei  of  the  under 
surface  whi('h,  because  it  eonl.uns  th(‘  mouth,  is  called  the  oral  surface. 
Ill  this  position  the  upper  surface  is  called  the  aboral  surface.  At  its  center 
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is  the  anus.  The  outer  surface  of  the  body  is  covered  with  epidermis.  The 
hard  skeleton,  which  is  so  conspicuous  in  a  dried  specimen,  is  an  internal 
skeleton  or  endoskeleton  consisting  of  numerous  small  calcareous  plates 
or  ossicles.  The  plates  are  arranged  to  form  a  more  or  less  continuous 
but  flexible  skeleton  which  can  be  moved  by  bands  of  muscles  extending 
between  the  ossicles.  The  spines  which  stick  out  all  over  the  animal  are 


Fig.  25:9  A  starfish,  AsUrias  rubens.  A,  seen  from  the  oral  surface.  The  region  around  the 
mouth  is  depressed  and  the  depression  is  continued  into  the  arms  as  the  ambulacral 
grooves.  In  these  grooves  and  around  the  mouth  are  the  tube  feet  protected  by  adam- 
bulacral  spines  extending  from  the  margins  of  the  grooves.  B,  a  spine  with  pedicellariae ; 
C,  a  tube  foot  contracted  and  expanded.  After  Cambridge  Natural  History^  from  Hegner, 
College  Zoology^  The  Macmillan  Company. 

endoskeletal  structures  and  are  covered  with  epidermis.  Also  projecting 
from  the  surface  are  numerous  minute  spines  modified  to  form  little 
pincers  called  pedicellariae,  and  small,  soft,  fingerlike  processes  which 
function  as  respiratory  organs  and  are  hence  called  dermal  branchiae. 

Along  each  arm  the  oral  surface  is  folded  inward  to  form  an  ambu¬ 
lacral  groove  which  extends  from  the  tip  of  the  arm  to  the  mouth.  In 
these  grooves  are  tube  feet,  small  muscular  tubes  filled  with  water  and 
ending  in  small  vacuum  discs  called  suckers  which  enable  the  starfish 
to  catch  hold  of  a  rock  or  other  object  and  either  to  move  the  object 
toward  itself  or  to  pull  its  own  body  toward  the  rock.  The  tube  feet  are 
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connected  with  a  complicated  system  of  canals  and  vesicles,  called  the 
water -vascular  system,  which  will  not  be  described  here. 

The  body  wall  including  the  endoskeleton  surrounds  a  large  body 
cavity  which  contains  various  internal  organs  and  is  a  true  coelom 
(Fig.  25:10).  The  mouth  leads  into  a  relatively  large,  thin-walled  stomach 
from  the  upper  or  pyloric  portion  of  which  much-branched  pyloric  caeca 
extend  into  the  arms.  Starfish  feed  on  shellfish,  marine  worms,  and  small 
Crustacea.  In  eating  a  mussel  or  clam  the  starfish  first  opens  the  valves 
of  the  shellfish  by  catching  hold  of  them  with  the  tube  feet  of  opposite 
arms.  After  this  the  stomach  is  partially  turned  inside  out  and  envelops 


Dermal  bronchia 


DISC  ARM 

Fig.  25:10  A  longitudinal  section  through  the  basal  disc  and  one  arm  of  a  starfish. 
The  epidermis  is  here  labeled  ectoderm. 

the  .soft  parts  of  the  clam  or  mussel  while  they  are  still  in  the  shell.  In 
this  way  the  edible  jjortions  are  gradually  digested,  passed  from  the 
stomach  into  the  pyloric  caeca,  and  absorbed.  The  respiratory  organs,  or 
dermal  branchiae,  were  referred  to  previously  in  considering  the  exter¬ 
nal  features,  d  luy  consist  of  small  saclike  structures  with  cavities  com¬ 
municating  with  th(‘  eotdoin. 

The  starfish  is  without  sjK'eial  blood  vascular  or  excretory  systems. 
Ab.sorbed  food  and  waste*  mat(‘rials  are  carried  in  the  coelomic  fluid. 
At  the  end  of  (*ach  arm  is  a  simple*  eye*  consisting  ol  cells  containing  pig¬ 
ment.  The*  tube*  fe‘e*t  are*  alse)  sense*  e)rgans.  The  nervous  system  consists 
e)!  ne*rve*  ee*lls  in  the*  e*j)iele*rmis  anel  se)me*  ol  the*  dee})er  tissues  and  of  neive 
cords  exte*neling  te)  eli(le*re*nt  |)arts  e)l  the*  l)e)ely. 

T  he*  se*xe:s  are*  se'parate*  anel  the  reproductive  organs,  very  much  alike 
in  the*  twe).se*xe*s,  are*  le)e'ate*d  at  the  l)ase*s  e)r  the*  arms.  The  eggs  and  sperm 
are  extruele*el  inte)  the*  wate*r  whe*re*  re*rtilizatie)n  takes  i)laee.  The  early 
ele*ve*lopment  e)!  the*  starfish  is  de*srribe*d  in  Clhaj).  36.  This  development 
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leads  to  the  formation  of  a  larva,  which,  unlike  the  adult,  is  bilaterally 
symmetrical. 

Adult  cchinoderms  arc  radially  symmetrical,  the  principal  organs 
being  repeated  and  arranged  like  the  spokes  of  a  wheel  about  a  central 
axis.  They  are  triploblastic,  have  a  well-developed  coelom  and  usually 
an  anus.  Their  skeleton  is  an  cndoskeleton  composed  of  calcareous  plates. 

Except  in  the  attached  forms,  loco¬ 
motion  is  by  means  of  tube  feet.  They 
arc  all  marine  animals. 

Echinoderms  arc  of  interest  not 
only  because  of  their  abundance  at 
the  present  time  in  the  sea  but  also 
because  of  their  long  and  extensive 
fossil  record. 
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MOLLUSKS  (PHYLUM 
MOLLUSCA) 


Fig.  25:11  A  fresh  water  mussel. 
Above,  interior  of  shell;  below,  view  of 
the  animal  in  its  natural  position  in  the 
mud  at  the  bottom  of  a  pond  or  stream. 
After  Shipley  and  MacBride,  from  Heg- 
ner,  College  Zoology,  The  Macmillan 
Company. 


As  an  example  of  this  phylum  wc 
may  take  a  fresh- water  mussel,  Ano~ 
donta,  of  which  there  arc  numerous 
species. 

The  shell  of  this  animal  consists  of 
two  symmetrical  halves  or  valves, 
hinged  together  by  a  tough  clastic 
ligament  (Fig.  25:11).  The  animal 
is  bilaterally  symmetrical  and  the 
hinge  marks  the  dorsal  side,  the  op¬ 
posite  side  being  ventral.  The  surface 
of  each  valve  shows  lines  of  growth 
which  center  about  a  small  bulge 
at  one  end  of  the  hinge  called  the 


umbo.  When  the  mussel  is  in  its 
natural  habitat,  in  the  mud  or  sand 
of  ponds  or  streams,  the  valves  arc  slightly  separated  and  from  the  ventral 
side  at  one  end,  which  is  distinguished  as  anterior,  there  projects  a 
fleshy  mass  called  the  foot,  while  from  the  other  end  project  two  short 
tubes  of  which  the  more  dorsal  is  the  exhalent  siphon  while  the  more 
ventral  is  the  inhalent  siphon. 

When  the  valves  are  pried  apart  they  are  seen  to  be  lined  with  a  soft 
membrane  called  the  mantle  which  is  continuous  with  the  tissue  of  the 
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siphons  (Fig.  25:12).  The  shell,  which  is  mostly  calcium  carbonate,  is 
secreted  by  cells  in  the  mantle.  The  mantle  surrounds  a  cavity,  the  mantle 
cavity.  Into  the  central  portion  of  this  cavity  the  foot  projects,  and  into 
the  lateral  portions  the  large  platelike  gills,  a  pair  on  each  side.  Two 
large  adductor  muscles,  one  anterior,  the  other  posterior,  extend  between 
the  valves  of  the  shell.  The  contraction  of  these  muscles  closes  the  shell. 
The  inner  surface  of  the  mantle  and  the  surfaces  of  the  gills  are  ciliated. 
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Fig.  25:12  Anndonta  mutahilis,  right  side,  with  mantle  cut  away  and  right  gills  folded 
back.  After  Shipley  and  MacBride,  from  Hcgncr,  College  Zoology,  The  Macmillan 
Clompany. 


The  cilia  cause  water  to  cntcT  at  the  incurrent  siphon  and  pass  out  at  the 
cxcurrcnt  siphon. 

The  internal  organs  (I'  ig-  25:13)  are  imbedded  in  a  solid  mass  of  which 
the  foot  constitiit('s  the  vtaitr.al  portion.  I  he  mouth  opens  into  the  mantle 
cavity  just  under  the  antei'ior  adductor  muscle.  A  short  esophagus  leads 
into  the  stomach,  whit'll  in  turn  h'ads  into  a  long,  coiled  intestine.  The 
coelom  is  reduced  to  a  single  cavity,  tlu*  pericardial  cavity  surrounding 
the  heart,  which  lies  dorsal  to  the  other  organs.  1  he  intestine  passes 
through  this  cavity  and  through  tlu*  lu'art  bclore  opening  by  the  anus 
into  th('  posterior  dorsal  jiortion  ol  tlu'  mantU'  cavity  neai  the  oiigin  of 
the  excurrent  siiihon.  'The  excretory  organs  consist  of  one  pair  ol  modi¬ 
fied  nephridia  o|)ening  on  the  oiu'  hand  into  tlu'  coelom  surrounding  the 
heart  and  on  the  oth(‘r  hand  into  the  mantle  cavity,  d’he  heart  pumps 
the  blood  through  arteries  to  the*  vMi'ious  organs  ol  the  body  Irom  which 
it  is  returned  to  the  lu'art  by  veins.  'I’Ik'  system,  however,  is  an  open  one, 
there  being  no  capill.iiF's  ;is  in  vei'K'bratt'S.  'VUc  nervous  .system  con.si.sts 
of  three  gani-li.i  (onnei  t('d  by  nerv<' cords :  a  ccrcbro-plcural  ganglion 
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ventral  to  the  stomach  just  where  the  esophagus  joins  it,  a  visceral  gan¬ 
glion  ventral  to  the  posterior  adductor  muscle,  and  a  pedal  ganglion 
in  the  foot.  Near  the  mouth  are  the  labial  palps,  the  function  of  which 
seems  to  be  to  taste  water  entering  by  the  incurrent  siphon.  Near  the 
pedal  ganglion  is  an  organ  of  equilibrium. 

The  sexes  are  separate.  The  gonads  lie  in  the  tissue  surrounding  the 
coils  of  the  intestine.  The  eggs  are  extruded  through  a  short  oviduct  into 
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Fig.  25:13  Internal  organs  of  a  mussel.  The  cerebro-pleural  ganglion  is  here  called 
the  brain.  After  Jammes,  from  Hegner,  College  Zoology,  The  Macmillan  Company. 


the  mantle  cavity  where  they  are  fertilized  by  sperms  from  another  mussel 
carried  in  the  current  of  water  entering  by  the  incurrent  siphon. 

The  eggs  hatch  out  into  a  peculiar  kind  of  larva  called  a  glochidium 
(Fig.  25:14).  A  glochidium  resembles  an  adult  mussel  in  having  two 
hinged  valves  which  are  closed  by  a  muscle,  but  its  mode  of  life  is  sur¬ 
prisingly  different.  In  Anodonta  the  eggs  are  usually  fertilized  in  August 
and  the  glochidia  remain  in  the  mantle  cavity  of  the  mother  through  the 
winter.  In  the  spring  they  pass  out  into  the  water  where,  if  they  are 
fortunate,  they  become  parasites  on  the  skin  or  gills  of  fish.  They  attach 
themselves  by  catching  hold  with  the  two  valves  of  their  shells.  The  skin 
of  the  fish  grows  over  the  small  parasites,  forming  ‘‘blackheads.”  In  this 
position  the  young  mussel  leads  a  parasitic  existence,  obtaining  its 
nourishment  from  the  tissues  of  the  fish  for  from  3  to  12  weeks,  during 
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which  time  it  gradually  metamorphoses  into  the  adult  form  which  drops 
off  tlie  fish  and  continues  its  life  on  the  river  or  lake  bottom.  The  para¬ 
sitic  stage  of  the  fresh-water  mussel  is  an  adaptation  for  wider  dispersal. 
By  becoming  attached  to  the  fish  it  is  carried  to  new  feeding  grounds. 
Not  all  bivalve  mollusks  pass  through  a  parasitic  stage.  The  oyster,  for 
example,  leads  an  independent  existence  throughout  its  life. 

The  classes  of  mollusks  are  characterized  in  Chap.  3.  The  phylum  is 
of  interest  on  account  of  its  abundance  in  fresh  and  salt  water  and  its 


Fig.  25:14  A,  a  glochidium  of  a  mussel;  B,  glochidia  attached  to  the  gills  of  a  fresh¬ 
water  fish.  From  Hegner,  College  Z'^ology,  The  Macmillan  Company. 


long  fossil  record.  It  is  of  economic  importance  not  only  on  account  of 
the  large  number  of  edible  species  but  also  because  it  provides  food  for 
many  other  edible  animals  including  many  fishes. 

Topical  Outline  of  Chapter  25 
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Questions 

1.  Discuss  the  stages  in  evolution  i-e|)resente(l  hy  the  dilTercnt  phyla  ol  animals 
.so  far  studied. 

2.  Discuss  the  structure  of  a  sponge.  W  hat  three  diflercnt  kinds  ol  skeletons 
are  found  in  sponges:’  Just  what  is  a  “hath  sponge  ? 

3.  Describe  hrielly  the  skeleton  of  a  st.irlish. 

4.  I  low  does  ,1  st.irlish  move:’ 

5.  I  low  does  ,1  st.irlish  Iced;* 
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6.  Describe  the  skeleton  of  a  clam.  How  is  it  kept  closed? 

7.  What  is  to  be  seen  in  the  mantle  cavity  of  a  clam? 

8.  Describe  the  digestive  system  of  the  clam. 

9.  What  is  peculiar  about  the  relation  between  the  heart  and  digestive  system 
of  the  clam? 

10.  Trace  the  life  history  of  a  fresh-water  mussel. 

1 1 .  What  are  the  characteristics  of  the  three  chief  classes  of  mollusks  and  what 
common  animals  does  each  class  include? 


Suggestions  for  Further  Reading 

Hegner,  Robert  W.,  Invertebrate  The  Macmillan  Company,  New  York, 

1933,  Chaps.  IX  and  XI. 

Buchsbaum,  Ralph,  Animals  without  Backbones,  The  University  of  Chicago  Press, 
Chicago,  1938,  Chaps.  17  and  18. 


PART  IV.  Vertebrate  Anatomy  and  Physiology 
Based  on  the  Frog  and  Man 


“The  process  of  digestion,  as  I  have  been  informed  by  anatomical  friends,  is 
one  of  the  most  wonderful  works  of  nature.  I  do  not  know  how  it  may  be  with 
others,  but  it  is  a  great  satisfaction  to  me  to  know,  when  regaling  on  my  humble 
fare,  that  I  am  putting  in  motion  the  most  beautiful  machinery  with  which  we 
have  any  acquaintance.” 


Charles  Dickens 


CHAPTER  26 

The  Vertebrafes 


Vertebrates  are  our  most  familiar  animals  and  include  all  the  various 
kinds  of  fishes,  frogs,  salamanders,  reptiles,  birds,  and  mammals.  They 
are  the  most  highly  organized  of  all  animals  and  dominate  the  land,  the 
air,  and  the  sea.  Reasons  for  their  success  will  become  apparent  by  com¬ 
paring  them  with  invertebrates  and  the  comparison  will  serve  also  to 
bring  out  the  distinguishing  characteristics  of  vertebrates. 

1.  A  COMPARISON  OF  VERTEBRATES  AND  INVERTEBRATES 

Two  characteristics  distinguish  at  a  glance  most  vertebrates  from  in¬ 
vertebrates.  (Invertebrate  is  a  general  term  used  to  designate  all  animals 
which  are  not  vertebrates.)^ All  typical  vertebrates  have  two  pairs  of 
appendages  (fins  or  legs),  while  invertebrates,  if  they  have  appendages 
at  all,  usually  have  several  pairs.  Although  the  body  of  a  vertebrate  may 
be  more  or  less  enclosed  in  a  protective  covering  of  scales  (fishes)  or 
horny  plates  (reptiles),  the  supporting  skeleton  is  internal  and  consists 
of  cartilage  or  bone,  both  of  which  materials  contain  living  cells  and  are 
capable  of  growth  and  modification  during  life.  On  the  other  hand,  the 
supporting  skeleton  of  invertebrates,  when  one  is  present,  consists  of  a 
secretion  of  the  epidermis  (arthropods,  mollusks,  and  coelenterates),  or 
of  a  scries  of  interlocking  mesodermal  plates  (cchinoderms)  or  spicules 
(sponges).  In  the  case  of  the  arthropods  growth  of  the  animal  is  possible 
only  by  casting  off  the  exoskeleton  and  secreting  a  new  one.  In  mollusks 
growth  of  the  shell  occurs  only  in  thickness  and  at  the  margin.  In  echino- 
derms  continuous  growth  of  the  skeleton  occurs  and  in  this  respect  these 
animals  resemble  vertebrates. 

In  the  soft  f)arts  the  striking  and  important  dififerences  are  in  the  nerv¬ 
ous  and  respiratory  systems.  The  nervous  system  of  a  vertebrate  con¬ 
sists  of  a  long  tube  extc'nding  the  length  of  the  body,  enlarged  in  the  head 
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to  form  the  brain.  This  nervous  or  neural  tube  lies  in  the  neural  canal 
of  the  vertebral  column  and  is  formed  in  the  embryo  from  an  infolding 
of  the  outer  cell  layer  of  ectoderm  and  lies  dorsal  to  the  notochord.  In  the 
adult  the  walls  of  this  tube  become  much  thickened  and  contain  numer¬ 
ous  nerve  cells,  from  which  nerve  fibers  go  to  the  various  parts  of  the  body. 
The  invertebrate  nervous  system  is  built  on  an  entirely  different  plan.  It 


HIGHER  INVERTEBRATE 


LOWER  VERTEBRATE 


Dorsal  tubular  central 
nervous  system 

I 
I 


Mouth  " 


Pharyngeal  gills  | 

Ventral  heart 


Dorsal  notochord 
(internal  skeleton) 


Anus 


Postanal  tail 


Intestine 

Fig.  26:1  A  higher  invertebrate  contrasted  with  a  lower  vertebrate. 


consists,  in  the  higher  invertebrates,  of  a  series  of  solid  ganglia  all  of 
which,  with  the  exception  of  the  most  anterior  pair  (most  invertebrates) 
or  pairs  (some  insects),  are  ventral  to  the  digestive  tract. 

In  the  higher  invertebrates  the  respiratory  organs  are  usually  formed 
from  the  external  cellular  layer  of  the  body  or  ectoderm,  either  as  out¬ 
growths  (most  aquatic  forms)  or  as  ingrowths  (insects  which  are  typically 
land  forms).  In  insects  fine  air  tubes  or  tracheae  ramify  among  the  cells 
of  the  tissues  and  oxygen  passes  to  and  carbon  dioxide  from  the  different 
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parts  of  the  body  largely  by  diffusion  through  these  tubes.  The  respira¬ 
tory  organs  of  vertebrates  are  developed  from  the  endodermal  lining  of 
the  pharynx.  In  fishes  they  consist  of  gills  associated  with  gill  clefts 
opening  from  the  pharynx  to  the  exterior,  breathing  being  accom.plished 
by  taking  water  into  the  mouth  and  passing  it  out  over  the  gills  and 
through  the  gill  clefts.  In  reptiles,  birds,  and  mammals,  lungs  are  de¬ 
veloped  from  the  floor  of  the  pharynx  and  breathing  is  accomplished  by 
passing  air  in  and  out  of  these  sacs.  However,  gill  clefts  appear  in  the 
embryos  of  even  those  vertebrates  (reptiles,  birds,  and  mammals)  which 
are  without  functional  gills. 

In  most  of  the  higher  invertebrates  the  vascular  system  is  an  open  one, 
i.e.,  the  blood  is  not  confined  to  blood  vessels  but  passes  into  a  space  or 
spaces  in  the  body  called  a  hemocoel.  In  vertebrates  the  blood  is  con¬ 
fined  to  arteries,  capillaries,  and  veins  and  circulates  along  definite  paths. 
The  heart  or  other  pumping  organ  of  invertebrates  is  usually  dorsal  to 
the  digestive  tube.  In  vertebrates  it  is  ventral  and  anterior.  The  respira¬ 
tory  pigment,  i.e.,  the  substance  which  combines  with  oxygen  and  aids 
in  its  transport  to  the  tissues,  when  present  in  invertebrates  is  dissolved 
in  the  plasma  of  the  blood.  In  vertebrates  the  respiratory  pigment,  which 
is  hemoglobin,  is  contained  in  the  red  corpuscles. 

The  accompanying  table  (Table  26:1)  summarizes  the  differences  in 
structure  between  vertebrates  and  higher  invertebrates  (Fig.  26:1). 


TABLE  26:1.  COMPARISON  OF  INVERTEBRATES  AND  VERTEBRATES 


HIGHER  INVERTEBRATES 

VERTEBRATES 

Appendages 

If  present,  usually  several 
pairs 

Typically  two  pairs,  never  more  than 
two 

Skeleton 

Usually  external  and  formed 
as  a  secretion  of  the  ecto¬ 
derm.  Does  not  contain 
living  cells 

Internal.  A  notochord  in  the  embryo 
partly  or  completely  replaced  in  the  adult 
by  a  vertebral  column  and  appendicular 
skeleton  of  cartilage  or  bone  which  con¬ 
tains  living  cells 

Nervous 

system 

Solid  ganglia  connected  by 
nerve  fibers  to  form  a  chain, 
the  main  portion  of  which 
is  ventral  to  tlu*  digestive  tract 

A  hollow  tube,  dorsal  to  the  notochord 
or  centra  of  the  vertebral  column  and 
enlarged  anteriorly  to  form  a  brain 

Respiratory 

system 

Usually  developed  from  the 
ectoderm,  vari<'S  greatly  in 
the  dillerent  phyla 

Developed  in  relation  to  the  wall  of  the 
pharynx  and  consists  of  cither  gills  or 
lungs,  gill  clefts  present  in  the  embryos  of 
all  vertebrates 

Circulatory 

system 

Usually  not  a  closed  system, 
the  blood  passing  into  a 
hcinococl.  'Fhc  heart  when 
present  is  dorsal.  1  he  n'- 
spiratory  pigment  is  dissolv'cd 

A  closed  system  with  arteries,  veins,  and 
capillaries.  The  heart  is  ventral  and 
anterior.  The  hemoglobin  of  the  blood 
is  contained  in  red  blood  corpuscles 

in  th('  plasma  of  the  blood 

5J0 


THE  VERTEBRATES  Ch.  26 


2.  HOW  THE  VERTEBRATE  TYPE  OF  STRUCTURE  HAS  SOLVED 
SOME  PROBLEMS 

How  have  these  structural  features  contributed  to  make  the  vertebrates 
a  successful  group  by  solving  the  major  problems  which  confront  an 
animal  living  in  water,  on  land,  or  in  the  air?  It  seems  probable  that  the 
restriction  of  the  appendages  to  two  pairs,  as  occurs  in  vertebrates,  has 
been  an  important  contributing  factor  to  the  development  of  the  anterior 
end  of  the  neural  tube  into  a  dominant  brain.  The  tubular  type  of  cen¬ 
tral  nervous  system  combined  with  the  reduced  number  of  appendages 
seems  to  be  particularly  adapted  to  the  development  of  the  type  of  nerv¬ 
ous  system  which  shows  less  stereotyped  and  more  varied  reactions. 

Vertebrates  hav^e  solved  the  problem  of  support  for  their  soft  parts  by 
developing  an  internal  or  endoskeleton  which  can  be  added  to  or  sub¬ 
tracted  from  as  the  growth  of  the  animal  requires  without  interrupting 
its  activities.  The  growth  and  absorption  of  bone  and  cartilage  is  possible 
because  they  contain  living  cells  which  build  up  or  break  down  the  skele¬ 
tal  material.  In  their  dorsal  position  in  vertebrates  the  brain  and  spinal 
cord  are  protected  and  isolated  from  the  movements  and  other  changes 
which  go  on  in  the  organs  of  the  abdominal  cavity.  Being  ventral  and 

anterior,  the  heart  is  near  the  re¬ 
spiratory  organs  and  removed  from 
the  nervous  system  which  might  be 
disturbed  by  its  constant  activity. 
The  development  of  the  respiratory 
organs  from  the  pharynx  brings  them 
close  to  the  heart.  In  this  position 
they  are  well  situated  to  receive 
blood  directly  from  the  heart  and  to 
aerate  it  previous  to  its  distribution 
to  the  various  organs  of  the  body.  A 
closed  vascular  system  provides  for 
a  more  rapid  and  complete  circula¬ 
tion  of  the  blood.  The  red  blood  cor¬ 
puscle  with  its  contained  hemoglobin 
is  a  much  more  efficient  carrier  of 
oxygen  than  the  invertebrate  blood. 
Other  features  which  have  contrib¬ 
uted  to  the  success  of  the  verte¬ 
brates,  especially  the  higher  forms,  will  be  discussed  in  the  chapters 
which  'follow. 


Fig.  26:2  Dolichoglossus  kowalevskii 
(subphylum  Hemichordata),  a  proto- 
chordate  related  to  Balanoglossus.  After 
Shipley  and  MacBride,  from  Hegner, 
College  ^oology^  The  Macmillan  Com¬ 
pany. 
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3.  THE  PHYLUM  CHORDATA 

Although  a  large  and  important  group,  the  vertebrates  do  not  con¬ 
stitute  a  phylum,  but  the  subphylum  Vertebrata.  The  phylum  Chordata 
to  which  the  subphylum  Vertebrata  belongs  includes  three  other  sub¬ 
phyla  which  are  sometimes  grouped  together  as  the  protochordates. 
These  latter  include  a  number  of  inconspicuous  and  unfamiliar  small 


Fig.  26:3  Sketch  of  the  cliicf  kinds  of  urochords  (subphylum  Urochordata),  found  in 
the  sea.  After  Cambridge  Natural  History^  from  Hegner,  College  Z^ology^  The  Macmillan 
Company. 

animals  which  arc  nevertheless  of  considerable  interest  since  they  show 
possible  stages  through  which  the  ancestors  of  the  vertebrates  may  have 
passed. 

d’he  j)hylum  Chordata  is  distinguished  by  the  presence,  at  some  stage 
in  the  dev(‘lopin('nt  of  the  individual,  of  a  notochord,  pharyngeal  gill  slits, 
and  a  hollow  dorsal  nervous  system.  A  notochord  is  a  more  or  less 
rigid  rod  of  cells,  extending  longitudinally  in  the  dorsal  part  of  the  body, 
vt'utral  to  th(‘  r('ntral  ihm  vous  systt'in  and  dorsal  to  the  digestive  tube. 
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Three  subphyla  are  usually  included  in  the  protochorda.  They  are 
the  Hemichorda,  Urochorda,  and  Ccphalochorda.  The  Hemichorda 
(Gr.  hemi^  half  +  L.  chorda,  cord)  are  wormlike  marine  animals.  The 
best  known  genera,  Balanoglossus  and  Dolicoglossus,  burrow  in  the  sand 
of  the  seashore  just  below  low  tide.  The  body  is  divided  into  probocsis, 
collar,  and  trunk  (Fig.  26:2).  The  proboscis  is  a  burrowing  organ  which 
forms  the  anterior  end  of  the  animal.  The  notochord  is  confined  to  the 
proboscis  region.  The  mouth  is  on  the  ventral  side  between  the  proboscis 
and  the  collar.  The  collar  is  a  relatively  short  region  surrounding  the 
anterior  end  of  the  alimentary  tract.  The  central  nervous  system  is  a 
hollow  tube  extending  through  the  dorsal  portion  of  the  collar.  The 


Fig.  26:4  The  larva  of  a  urochord.  A  diagrammatic  longitudinal  section  through  the 
body.  The  atrium  has  here  been  labeled  peri  branchial  vesicle.  After  Delage  et  Herouard, 
Trade  de^oologie  Concrete^  from  Wolcott,  Animal  Biology,  McGraw-Hill  Book  Company,  Inc. 


trunk  makes  up  most  of  the  length  of  the  body  and  contains  the  pharynx 
and  intestine.  Pharyngeal  gill  chambers  open  individually  to  the  ex¬ 
terior  by  a  series  of  clefts  on  either  side  of  the  anterior  portion  of  the 
trunk  (pharyngeal  portion). 

The  Urochordata  (Gr.  oura,  tail)  are  also  known  as  tunicates,  ascidians, 
and  sea  squirts.  The  adult  animals  are  fairly  common  in  the  ocean  and  are 
either  free  swimming  or  attached  (Fig.  26:3).  But,  from  the  point  of  view 
of  the  evolution  of  the  vertebrates,  the  larval  stage  (Fig.  26:4)  is  more 
interesting  than  the  adult  in  which  most  of  the  chordate  characters  are 
'lost.  In  external  appearance  the  larva  resembles  a  small  frog  tadpole, 
and,  like  the  latter,  the  urochord  tadpole  is  without  paired  appendages. 
The  notochord  is  in  the  tail  of  the  larva  and  is  lost  in  the  adults  of  the 
attached  forms.  There  is  a  dorsal  nervous  system  which  in  the  larva  is 
hollow  and  includes  a  relatively  large  brain  vesicle.  Respiration  is  by 
means  of  pharyngeal  gills,  the  clefts  of  which  do  not  open  directly  to 
the  exterior  but  into  an  ectoderm-lined  cavity  called  the  atrium,  sur¬ 
rounding  the  pharynx  and  communicating  with  the  exterior  by  a  single 
opening. 
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The  Cephalochorda  (Gr.  kephale^  head)  are  small  fishlike  animals 
which  live  in  the  sand  of  the  seashore  just  below  low  tide.  They  are  not 
common  animals  and  are  represented  by  only  a  few  genera  found  in 
certain  parts  of  the  world  in  the  tropics  and  subtropics.  The  best  known 
is  Amphioxus  (Gr.  amphi,  both  +  oxus,  sharp)  which  externally  resembles 
a  small  fish  but  lacks  a  distinct  head  and  is  without  paired  appendages 
(Fig.  26:5).  The  notochord  extends  throughout  the  entire  length  of  the 
body  and  persists  throughout  life.  The  central  nervous  system  is  a 
hollow  thick-walled  tube,  extending  through  almost  the  entire  length  of 


of  pharynx 

Fig.  26:5  Diagram  of  a  dissection  of  Amphioxus  (subphylum  Cephalochordata)  to  show 
the  main  features  of  its  anatomy.  From  L.  L.  Woodruff,  Animal  Biology^  The  Macmillan 
Company. 

the  animal,  the  cavity  of  which  (but  not  the  walls)  is  enlarged  anteriorly 
to  form  a  brain  vesicle.  1  here  are  no  paired  eyes  or  ears.  There  is  a 
respiratory  pharynx  with  numerous  gill  clefts  which  open  into  an 
atrium  surrounding  the  anterior  half  or  two-thirds  of  the  body  on  the 
ventral  side  and  ojxming  to  the  exterior,  posteriorly,  by  a  single  pore. 
There  is  no  distinct  heart. 


4.  THE  CLASSES  OF  VERTEBRATES' 

T  he  v(Tl(‘l )i'ates  naturally  fall  into  five  groups:  fishes,  amphibians, 
reptih's,  birds,  and  mammals.  TTie  last  lour  groups  are  recognized  as 
chLsses  and  named  aeeorclingly  class  Amphibia,  class  Reptilia,  class  Aves, 
and  class  Mammalia.  Tdie  animals  we  think  of  as  fishes  do  not  form  a 
single  class.  Living  (ish(‘s  aiv  grouped  into  three  classes:  the  Cyclostomata, 
the  Ch()n(lriehlhy(‘S,  and  th(‘  Osteiehthyes. 

TTic  Cyclosloiiiata  (Gr.  rvr/e.v,  round  +  stoma,  mouth)  arc  the  most 

'  For  ;i  systrm.ilii  (  l.issi Ik  .il ion  of  llir  vrrlrl)i;i(cs  see  the  Appendix. 
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primitive  of  vertebrates.  They  have  round,  sucking  mouths  w'ithout 
jaws,  numerous  gill  clefts,  no  paired  appendages,  and  a  poorly  developed 
skull.  The  sea  lamprey  (Fig.  26:6)  inhabits  the  Atlantic  coasts  of  North 


Fig.  26:6  A  cyclostomc,  the  lamprey,  Petromyzon  marinus  (subphylum  Vertebrata,  class 
Cyclostomata).  After  Deem,  from  L.  L.  Woodruff,  Animal  Biology^  The  Macmillan  Com¬ 
pany. 

America,  Europe,  and  Africa.  It  seeks  fresh  water  to  spawn,  and  in  the 
spring  ascends  rivers  for  this  purpose. 

The  Chondrichthyes  (Gr.  chondros,  cartilage  +  ichtliyus,  a  fish)  are, 
with  a  few  exceptions,  medium  or  large-sized  marine  fishes  (Fig.  26:7). 
Their  skeleton  is  of  cartilage  or  gristle.  The  brain  is  enclosed  in  a  cra¬ 
nium  to  which  the  upper  and  lower  jaws  are  loosely  attached.  The  scales 
consist  of  bony  plates  which  bear  teethlike  enamel  projections.  These 
projections  give  to  the  surface  a  rough  sandpaperlike  feeling  and,  indeed, 
the  dried  skin  of  these  fishes  is  used  in  place  of  sandpaper  in  certain  parts 


Fig.  26:7  A  common  dogfish,  Mustelus  (class  Chondrichthyes).  Note  the  gill  clefts. 
Photograph  by  J.  W.  Mavor. 


of  the  world.  The  mouth  opening  is  usually  on  the  under  side.  The  gill 
clefts,  which  are  usually  five  on  each  side,  open  directly  to  the  exterior. 
There  are  two  pairs  of  lateral  fins.  Included  in  this  class  are  the  dogfishes, 
sharks,  and  rays. 

In  the  Osteichthyes  (Gr.  osteon,  bone  ichthyus,  fish)  the  skeleton  is 
composed,  at  least  in  part,  of  bone.  In  most  of  these  fishes  the  scales 
consist  of  thin  bony  plates  which  are  arranged  so  that  they  overlap  and 
are  covered  by  the  epidermis.  On  each  side  of  the  head  is  a  bony  plate, 
the  operculum,  which  projects  backward  and  protects  the  gills. 
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The  living  Osteichthyes  are  divided  into  three  subclasses,  the  Acti- 
nopterygii  (Gr.  actis,  actinas,  a  ray  +  pteryx,pterygos,2ifin)  or  ray-finned 
fishes,  the  Dipnoi  (Gr.  di,  twice  +  pnoe,  breath)  or  lungfishes,  and  the 
Crossopterygii  (Gr.  crossoi,  a  fringe  +  pteryx,  pterygos,  a  fin)  or  lobed- 
finned  fishes.  Most  living  fishes  with  the  exception  of  the  sharks  and  rays 
belong  to  the  order  Teleostei  (Gr.  teleos^  complete  +  osteon^  bone)  which 
is  a  branch  of  the  subclass  Actinopterygii. 


Fig.  26:8  The  cod,  Gadus  callarias  (class  Osteichthyes,  subclass  Actinopterygii,  order 
Teleostei).  After  Goode,  from  Hegner,  College  Zoology ^  The  Macmillan  Company. 

The  variety  in  size,  structure,  color,  and  habits  of  the  teleostean  fishes 
is  rivaled  only  by  that  of  birds.  They  range,  in  size,  from  a  small  tropical 
fish  less  than  ^  inch  in  length  to  the  giant  tarpon  or  tuna  or  sailfish 
(Fig.  3:23);  in  shape,  from  the  long  slender  eel  or  pipefish  to  the  “sawed- 
off”  sunfishes;  in  color,  from  the  drab  codfish  (Fig.  26:8)  to  the  beautifully 
colored  fishes  of  the  tropics;  in  habits,  from  the  peculiar  fish  that  de¬ 
posits  her  eggs  in  the  mantle  cavity  of  a  clam  where  they  develop  as 
parasites,  to  the  deep-sea  fish  that  lures  its  prey  with  a  luminescent  bait. 

The  lungfishes,  or  Dipnoi,  are  of  particular  interest  because  they 
indicate  how  the  next  class  of  vertebrates,  the  amphibians,  may  have 


Fig.  26:9  d  lie  Australian  lung  fish,  Nenceratodus  fnsteri  (class  Osteichthyes,  subclass 
Dipnoi).  After  (Junther  from  1  legner,  College  "1  1^^  Macmillan  Company. 

been  (l(‘velop<‘(l  from  fishes.  Of  these  fishes,  once  numerous,  there  are 
now  only  three  (‘xisting  gt'nera,  the  Australian  lungfish,  Neoceratodus 
Joslrri  (l-ig.  26:9),  th(‘  ctuitral  African  lungfish,  Protoptcrus  and  the  South 
Amc'i'ican  lunglisli,  Lrpidosn cn.  In  ('ach  of  these  there  is  an  air  bladdei 
whi(  h  opens  into  the  j)harynx  and  functions  as  a  lung.  Lungfishes  live 
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in  stagnant  pools  or  swamps  where  the  water  lacks  oxygen.  The  African 
lungfish  is  able  to  survive  the  dry  season  when  the  marshes  dry  up  by 
burrowing  in  the  earth  and  breathing  air.  Although  all  of  the  living 
lungfishes  are  included  in  the  subclass  Dipnoi,  lungs  were  also  developed 
in  the  subclass  Crossoptcrygii,  a  group  of  fossil  fishes  differing  somewhat 
from  the  Dipnoi.  The  lobed  fins  of  the  Crossoptcrygii  bear  more  resem¬ 
blance  to  the  limbs  of  land  vertebrates  than  do  the  fins  of  the  other  fishes 
and  this  group  is  therefore  thought  to  be  nearest  the  direct  line  of  de¬ 
scent  of  the  higher  forms.  \Try  recently,  1939,  a  fish  was  caught  off  the 
coast  of  South  Africa  which  seems  to  be  a  living  representative  of  the 
Crossoptcrygii,  although  it  probably  did  not  breathe  with  lungs. 

The  class  Amphibia  (Gr.  amphibios,  living  a  double  life)  includes  the 
frogs  (Fig.  27:1)  and  salamanders  (Fig.  26:10).  The  name  “Amphibia” 
refers  to  the  fact  that  many  of  these  animals  lead  a  kind  of  double  life. 


Fig.  26:10  Nectunis  (class  Amphibia),  an  amphibian  with  gills  in  the  adult.  From  a 
photograph  provided  by  the  John  G.  Shedd  Aquarium,  Grant  Park,  Chicago,  Ill. 


partly  aquatic  and  partly  terrestrial.  The  larvae,  usually  called  tadpoles, 
are  always  aquatic  and  breathe  by  means  of  gills.  Lungs  are  developed  in 
most  species.  And  the  adults,  even  when  they  spend  their  entire  existence 
in  the  water,  breathe  air.  In  some  species,  e.g.,  the  mud  puppy,  Necturus 
(Fig.  26:10),  both  gills  and  lungs  are  found  in  the  adult.  In  nearly  all 
cases  their  eggs  are  laid  in  water  so  that  even  those  which  leave  the  water 
for  a  part  of  their  lives  return  to  it  in  the  breeding  season.  The  append¬ 
ages  of  amphibians  are  adapted  for  crawling  rather  than  swimming  and 
are  built  on  the  same  plan  as  those  of  the  higher  groups  of  Vertebrates. 
The  surface  of  the  body  is  smooth  and  slippery  and  without  scales, 
except  in  certain  legless  tropical  forms.  Like  the  members  of  the  pre¬ 
vious  three  classes,  the  Amphibia  are  cold  blooded.  In  regions  where  the 
temperature  in  winter  goes  below  freezing  the  Amphibia  burrow  into 
the  mud  at  the  bottom  of  ponds  and  marshes  where  they  hibernate  in  a 
dormant  condition  awaiting  the  coming  of  spring  and  warmer  weather. 

The  class  Reptilia  (L.  repere,  to  creep)  includes  lizards  (Fig.  39:10), 
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snakes  (Fig.  39:30),  turtles  (Fig.  3:25),  tortoises,  crocodiles,  alligators, 
and  numerous  bizarre  extinct  forms  such  as  the  dinosaurs  and  ptero¬ 
dactyls.  Reptiles  are  land  animals,  although  a  few,  like  the  turtles  and 
crocodiles  and  the  ancient  ichthyosaurs,  have  secondarily  taken  to  water. 
Although  gills  are  present  in  the  embryo,  they  are  never  functional.  When 
hatched  the  young  breathe  air  through  lungs.  Their  bodies  are  covered 
with  horny  scales  formed  from  the  outer  layer  or  epidermis  of  the  skin. 
Reptiles,  like  amphibians,  are  cold  blooded  and  those  which  live  in 
regions  where  the  temperature  goes  below  freezing  go  through  a  period 
of  hibernation.  Although  once  the  dominant  group  of  animals  upon  the 
earth,  reptiles  are  now  rapidly  becoming  extinct,  chiefly  at  the  hands 


of  man. 

All  birds  belong  to  the  class  Aves  (L.  avis,  a  bird).  No  one  has  any 
difficulty  in  recognizing  a  bird.  Its  feathers  are  unique.  They  are  really 
modified  and  embel¬ 
lished  scales.  The  fore 
limbs  are  adapted  to 
flight  (Fig.  26:1 1).  Some 
fossil  birds  had  teeth 
like  reptiles,  but  in  all 
living  birds  their  place 
is  taken  by  a  horny 
covering  or  beak.  All 
birds  develop  from  eggs 
and  arc  warm  blooded, 
that  is  to  say,  their 
bodies  arc  maintained 
at  a  relatively  constant 
“warm”  temperature. 

This  higher  tempc'ra- 
ture  enables  th('m  to 

control  their  metabolic  ^  ^  ....  \ 

Fig  26:11  A  sea  gull  (class  Aves,  division  C.arinataej 
processes  lo  an  exlent  aivH'.u- a  r,sl,a>lu,t<,sra|>l.  l>y  Or.  E.  G.  Evans, 

not  possible  for  either  n-protluccd  by  permission  of  Carl  Zeiss,  New  York. 

amphibians  or  rejitiles 

and  lo  live  and  remain  active  in  regions  where  the  1  cm] )cra lure  goes  below 
fref'/ing.  laving  birds  aia*  elassilu'd  in  two  di\asions;  tlie  Ralilat,  which 
includes  only  a  few  species  sneh  as  the  wingless  apteryx  ol  Austialia  and 
the  ostrich,  :md  the  Carinala.-  or  keeled  birds,  which  includes  all  otho- 
living  birds,  birds  ;ire  of  great  interest  from  m;my  points  of  view,  but  it  is 
b<-yond  the  srop<-  of  this  text  lo  go  into  the  Vitrious  aspects  of  this  .special- 
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ized  group;  however,  a  somewhat  detailed  classification  is  given  in  the 
appendix. 

Mammals  (Fig.  3:29),  which  compose  the  class  Mammalia  (L.  mamma, 
breast),  are  characterized  by  being  covered  with  hair,  which  takes  the 
place  of  the  scales  of  reptiles,  and  by  feeding  their  young  with  a  secretion 
called  milk  formed  in  glands  called  mammary  glands  which  arc  de¬ 
veloped  in  the  skin  of  the  ventral  side  of  the  Ixxly.  In  all  except  two  very 
primitive  forms,  the  duckbill  and  the  spiny  “anteatcr”  which  lay  eggs, 
the  young  arc  born  alive  and  are  like  their  parents.  I'hc  mammals  arc 
all  warm-blooded  and  active  animals,  although  some,  like  the  brown 
Ix'ar,  may  hibernate  in  winter. 


5.  THE  SUBCLASSES  OF  AAAMMALS 

The  class  Mammalia  is  divided  into  three  sul^classcs.  The  subclass 
Prototheria  (Gr.  protos,  first  -f  thcrion,  beast)  contains  the  two  egg- 
laying  mammals  already  mentioned.  The  sulxlass  Mctatheria  (Gr. 
meta,  between)  contains  the  jx)uch-lx^aring  mammals  such  as  the  opos¬ 
sum  and  the  kangaroo.  The  sulxrlass  Euthcria  (Gr.  eu,  complete)  con¬ 
tains  all  other  living  mammals. 

Considerable  interest  attaches  to  the  three  living  genera  of  Proto¬ 
theria,  sur\'ivors  of  a  geological  age  long  past.  The  duckbill  {Ornitho- 
rfiynchus)  (Fig.  3:27)  is  a  woolly  creature  alx)ut  the  size  of  a  large  ground 
hog  with  short  legs.  The  front  feet  arc  wcblx*d  and  in  the  adult  the  teeth 
arc  replaced  by  horny  pads  giving  the  snout  somewhat  the  appearance 
of  a  duck’s  bill  or  lx*ak.  The  animal  is  confined  to  South  Australia  and 
the  adjacent  island  of  Tasmania.  It  is  aquatic  and  lives  on  insects,  worms, 
and  small  crustaceans.  There  arc  two  genera  of  spiny  anteaters.  Echidna 
and  Proechidna.  They  are  of  about  the  same  size  as  the  duckbill  but  differ 
in  appearance  and  habits.  Among  the  hairs  of  the  back  arc  fiumcrous 
long  spines.  The  head  is  extended  into  a  long,  tubular  snout  on  the  end 
of  which  is  the  small  mouth.  Their  food  consists  of  ants  which  they 
obtain  by  burrowing  underground.  They  are  confined  to  Australia, 
Tasmania,  and  New  Guinea. 

The  duckbill  and  the  spiny  anteaters  lay  eggs.  The  egg  of  the  duckbill 
is  about  I-  inch  in  length  and  covered  with  a  leathery  shell ;  those  of  the 
spiny  anteaters  are  about  inch  in  length  and  have  calcareous  shells. 
The  spiny  anteater  places  its  single  egg,  as  soon  as  laid,  in  a  fold  of  the 
skin  of  the  abdomen  which  forms  a  pouch  where  it  is  incubated  until 
hatched.  The  duckbill  lays  its  two  eggs  and  rears  its  young  in  a  burrow 
underground.  In  both  animals  numerous  ducts  convey  milk  from  the 
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mammary  glands  to  depressions  on  the  surface  of  the  abdomen,  from 
which  it  is  licked  by  the  young. 

The  Metatheria,  or  marsupials  as  they  are  often  called,  bear  their 
young  alive  but  in  a  very  immature  state.  The  development  is  continued 
in  the  abdominal  pouch  or  marsupium.  In  this  pouch  the  young  attach 
themselves  to  long  teats.  A  specially  developed  structure  connects  the 
windpipe  with  the  nasal  cavity  in  the  new-born  animal  and  makes  it 
possible  for  the  mother  to  force  milk  through  the  teat  and  into  the 
esophagus  without  interrupting  its  breathing.  The  Metatheria  are  all 
confined  to  Australia,  Tasmania,  New  Guinea,  and  the  near-by  islands, 
except  for  the  different  species  of  American  opossums.  In  Australia  the 
Metatheria  largely  take  the  place  occupied  by  Eutheria  elsewhere  in  the 
world.  There  are  marsupial  “cats,”  “wolves,”  “otters,”  “moles,”  “rab¬ 
bits,”  “antcatcrs,”  and  the  peculiar  kangaroo  (Fig.  3:28). 

The  Eutheria,  or,  as  they  are  often  called,  placental  mammals,  are 
the  dominant  group  of  mammals,  indeed  of  land  animals,  today  (Fig. 
3:29).  The  young  arc  nourished  during  their  intra-uterine  life  by  a 
placenta  and  arc  born  alive.  I'hc  placenta  is  a  vascular  and  protective 
structure  formed  partly  from  tissues  contributed  by  the  embryo  and 
})artly  from  tissues  contributed  by  the  mother.  In  the  placenta  the  blood 
of  the  mother  surrounds  blood  ves.sels  from  the  embryo,  without  there 
being  any  direct  transfer  of  blood  between  the  two  organisms.  The 
embryo  receives  its  nourishment  and  oxygen  from  and  gives  its  waste 
j)roducts  to  its  mother  by  diffusion  through  the  walls  of  the  placental 
blood  vessels,  d  he  placenta  makes  possible  the  prolonged  and  advanced 
developm(*nt  of  the  v'oung  eutherian  mammal  in  the  warm  and  protect¬ 
ing  body  of  its  mother. 


6.  THE  ORDERS  OF  EUTHERIAN  MAMMALS 


A  number  of  different  orders  of  the  Eutheria  are  distinguished.  These 
show  in  most  c'ases  adiiptations  to  diffi'rc'iit  modes  of  life.  We  will  con¬ 
sider  only  soiiK'  of  th(‘  more  important  of  these. 

1  he  Inscctlvora  ( F.  insn  turn^  insect  T  vorarc^  to  devour)  include  the 


hedgehogs,  moN’s  (fig.  26:12),  and  shn'ws  which  feed  tilmost  tntiuK 
on  insects  or  worms,  d  Ik'V  are  reg.ird('d  as  probably  the  most  piimiti\( 
of  the  living  EaitlH'iia. 

'I  he  Cdiiroplcra  (Cr.  r//r/V,  hand  T  ptrron.  wing)  are  the  animals 
commonly  called  bats  (  Eig.  26:1  T.  d'he  fore  limbs,  and  to  .some  extent 
the  whole  body,  is  modified  lor  (light.  'Ehe  bones  of  the  fingers  are  greatly 
elonrated  aiid  a  fold  of  skin  ext<  nds  between  them,  the  Inxly,  and  the 
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Fig.  26: 12  .‘\  common  mole,  Scalopus  (class  .Mammalia,  sulxrlass  Kulhcria,  order  Insec- 

tivora).  Note  the  large  forefeet  adapted  for  digging.  Photograph  by  L.  \V.  Brownell. 


hind  legs,  fonning  wings.  Bats  arc  mainly  of  three  types  which  feed, 


respectively,  on  fruit,  insects,  and 


Fig.  26:13  A  small  brown  bat,  Myotis 
(class  Mammalia,  subclass  Eutheria, 
order  Chiroptera)  in  flight.  High-speed 
photograph  by  Harold  E.  Edgerton. 


the  blood  of  warm-blooded  animals. 
Contrary'  to  popular  Ix'licf,  the  latter 
type,  known  as  vampire  bats,  arc 
small  animals. 

Ihc  Carnivora  (L.  caro,  carnis, 
flesh  -f  vorare,  to  devour)  arc  the 
carnivores  or  flesh-eating  mammals. 
I'hcir  feet  have  claws  and  their  teeth 
arc  sharp  and  adapted  to  tearing 
flesh.  The  order  contains  a  large 
number  of  species  and  many  animals 
familiar  to  the  hunter  or  the  visitor 
to  the  zoo.  One  large  family  con¬ 
tains  the  cats,  lions  (Fig.  3:29),  tigers, 
leopards,  lynxes,  jaguars,  and  pumas. 
.Another  contains  the  dogs,  wolves, 
and  foxes.  Yet  another  contains  many 
of  our  fur  animals,  the  weasels, 
badgers  (Fig.  39:19),  minks,  ermines, 
ferrets,  skunks,  and  otters.  The  Car¬ 
nivora  are  believed  to  be  a  primitive 
group  which  may  have  given  rise  to 
more  specialized  groups. 
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The  Pinnipedia  (L.  pinna,  fin  +  pes,  pedis,  foot)  include  the  seals  and 
their  relatives,  the  sea  lion  and  the  walrus.  These  animals  resemble 
carnivores  and  are  sometimes  included  in  the  same  group.  They  differ 
from  them  chiefly  in  that  their  limbs  are  paddle-shaped  (Fig.  26:14). 

The  order  Primates  (L.  prima,  primates,  one  of  the  first)  contains  the 
lemurs,  monkeys,  apes  (Fig.  26:15),  and  man.  This  order  is  often  put  at 
the  end  of  the  list,  chiefly  because  it  includes  man.  However,  the  group 


as  a  wliolc  is  not  so  spociali/cd  as  the  otlu-r  orders  wliieh  follow  in  this 
list.  'I'lie  chiereharaeterislirs  of  lh<-  order  are:  nails  take  the  |)laee  ol  claws 
on  th<-  dii'ils;  lh<-  lirsi  dii;il  flhnnil))  opposes  the  others;  the  eyes  ;uc 
directed  forward:  :ind  the  hr.iin  is  relatively  large.  Ixniiiis  au  small, 
furry,  arhon-al  animals  with  long  tails.  'I  hey  are  most  abundant  in 
Madagasear  but  an-  fouixl  also  in  tropieal  .MViea  and  some  of  the  islands 
of  the  r,ast  Indies.  '1  he  -/.oolonieal  position  of  the  apes  and  man  is  dis- 
riis.scd  ii)  .some  dcl.nl  in  (Ih.ip.  ‘M. 

'1  he  Kdcntala  (1 ,.  e,  without  f  ilnis, , Initio,  tooth)  include  a  few  mam- 
m.ils  whieh  are  the  r<-mu.mtsofa  uuu  li  l.irt;er  and  more  wulelydistribidcd 
group  of  prehistorii  tim<-s.  'I'he  nam<-,  whieh  means  “without  teeth,”  is 


Fig.  26: 15  Chimpanzees,  Pan  (class  Mammalia,  subclass  Eulheria,  order  Primates). 
Photograph  by  J.  W.  Mavor. 


Fig.  26:16  A  t\vo-toed  sloth,  Chaelo- 
pus  (class  Mammalia,  subclass  Euthe- 
ria,  order  Edentata).  Photograph  repro¬ 
duced  by  permission  of  the  National 
Zoological  Park,  Washington,  D.  C.,  a 
branch  of  the  Smithsonian  Institute. 


Fig.  26:17  A  chipmunk,  Tamias  (class  j' 
Mammalia,  subclass  Eutheria,  order  ! 
Rodentia).  Photograph  by  L.  W. 
Brownell. 
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not  entirely  appropriate  since  many  of  them  have  teeth.  However,  the 
teeth  are  imperfect  and  without  enamel.  The  order  is  confined  mainly 
to  South  America  and  includes  the  American  anteater,  the  sloths  (Fig. 
26:16),  and  the  armadillos. 

The  Pholidota  (Gr.  pholis,  scale  +  osis^  condition)  are  a  small  group 
consisting  of  the  scaly  anteaters  or  pangolins  which  are  covered  with 
pointed  scales.  They  are  confined  to  Africa  and  the  Orient. 

The  Rodentia  (L.  rodare^  to  gnaw)  are  gnawing  mammals  and  have 
two  long  chisellike  front  teeth  in  each  jaw.  Most  of  them  are  small  ter¬ 
restrial  animals.  This  order  contains  more  species  than  any  of  the  other 
orders.  It  includes  mice  (Fig.  39:11),  rats,  chipmunks  (Fig.  26:17), 
squirrels  (Fig.  39:12),  woodchucks,  muskrats  (Fig.  39:27),  beavers,  and 
porcupines. 

The  Lagomorpha  (Gr.  lagor^  a  hare  +  morphe,  form)  consist  of  the 
rabbits  and  hares  which  differ  from  the  rodents  in  having  four  upper 
incisors  instead  of  two.  They  are  sometimes  included  in  the  Rodentia. 

The  Hyracoidea  (Gr.  hyrax,  a  shrew  mouse)  are  represented  by  only 
a  single  living  genus  of  small  rodentlike  mammals  known  as  conies. 
They  are  peculiar  in  having  only  four  digits  on  the  fore  limbs  and  three 
on  the  hind  limbs. 

The  hoofed  mammals  or  ungulates  are  divided  into  two  orders: 
the  Pcrissodactyla,  or  odd-toed  ungulates,  and  the  Artiodactyla,  or 
even-toed  ungulates. 

The  order  Artiodactyla  (Gr.  arlios,  even  +  dactylos^  toe)  includes 
pigs,  hip[)opotainuses,  camels,  sheep,  goats,  oxen,  bison  (Fig.  39:23), 
giraffes,  and  deer  (f  ig.  39:13).  I  he  number  of  toes  is  also  reduced  but 
the  axis  of  th('  foot  j)a.sses  betwec'u  the  third  and  lourth  digits.  Deers, 
pronghorn  anleloj)es,  and  all  (he  animals  belonging  to  the  ox  family 
(Bovidae)  whic  h  includes  shec'j),  goats,  and  oxen  arc  ruminants,  i.e., 
they  chew  (he  cud. 

d'he  ord(‘r  Pcrissodactyla  (Gr.  perissos,  odd  -b  dacfjlos,  toe)  includes 
tapirs,  rhinoceroses,  and  horses  (I'ig.  42:2).  1  he  number  of  toes  is  reduced 
but  the  axis  of  (he  foot  always  pa.s.ses  through  the  third  digit.  The  tapii 
has  four  toes  on  (he  fore  fe(*(  and  three  on  (he  hind  feet.  The  ihinoceios 
has  three  toes  on  eac'h  loot.  Living  horses  including  zcbias  and  asses 
(genus  lujuus)  have  a  single  t(K‘  on  each  foot. 

Ihe  Prohoscidca  ((Jr.  pro^  belorc'  T  hoskein^  to  feed)  aic  icpicsented 
among  living  mammals  l)y  (h(‘  eh'phants  and,  in  the  lecenl  past,  by  the 
mammoths  and  mastodons  (lug.  10:12).  The  feet  have  the  form  of 
(‘ireular  j)ads  where  they  touc'h  (he  gi'ound  but  each,  neve  i  the  k ss,  con¬ 
tains  live  toes  as  indicated  externally  by  live  small  hools.  1  he  body  is 
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covered  with  a  thick  loose  skin  with  little  hair.  Characteristic  is  the  long 
muscular  proboscis  at  the  end  of  which  are  the  nostrils.  The  tusks  are 
modified  incisors.  The  grinding  teeth  at  the  back  of  the  jaws  are  Icirge 
and  have  complicated  ridges. 

The  Sirenia  (Gr.  seiren,  a  sea  nyrniph)  consist  of  the  manatees  or  sea 
cows.  They  arc  large  aquatic  herbivorous  mammals  and  have  broad 
crushing  teeth.  The  fore  limbs  are  finlike  and  the  liind  limbs  are  absent. 
The  tail  is  rounded. 


Fig.  26:18  Dolphins  (doss  Mammalia,  sulxlass  Euthrria,  order  Cctacca)  leaping 
through  ocean  waves.  Photograph  of  a  mural  in  the  American  Museum  of  Natural 
History’,  New  ^’ork. 


The  Cetacea  (Gr.  c^fuSy  a  whale)  are  highly  specialized  aquatic 
mammals.  The  order  includes  the  whales,  porpoises,  and  dolphins  (Fig. 
26:18).  The  fore  limbs  are  modified  to  form  finlike  paddles,  the  hind 
limbs  are  absent,  and  the  tail  forms  a  transverse  fluke.  The  body  is  fish¬ 
shaped  and  cov’ered  under  the  skin  with  a  layer  of  fat  called  blubber 
which  acts  as  a  heat  insulator  and  enables  the  animals  to  maintain  a 
relatively  high  constant  temperature  even  in  cold  water.  The  young,  as 
in  all  eutherian  mammals,  are  born  alive  and  nourished  on  milk  pro¬ 
duced  by  mammary  glands.  The  sulphur-bottom  whale  is  probably  the 
largest  animal  known,  living  or  extinct,  and  is  said  to  reach  a  length  of 
nearly  100  feet  and  a  weight  of  150  tons. 
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Questions 

1 .  How  would  you  distinguish  between  a  vertebrate  and  an  annelid?  A  verte¬ 
brate  and  an  arthropod? 

2.  What  are  the  most  striking  differences  in  internal  structure  between  verte¬ 
brates  and  invertebrates? 

3.  Compare  a  higher  invertebrate  and  a  vertebrate  as  regards:  (a)  skeleton, 
(d)  nervous  system,  (c)  respiratory  system,  and  (d)  circulatory  system. 

4.  Which  characteristics  of  vertebrates  help  to  make  possible  their  large 
average  size? 

5.  Compare  a  protochordate:  (a)  with  an  arthropod  and  (b)  with  a  vertebrate. 

6.  Name  the  classes  of  vertebrates  and  give  their  distinguishing  characteristics. 

7.  Give  a  classification  of  mammals. 

8.  Why  arc  the  duckfhll  and  the  spiny  anteaters  regarded  as  the  most  primitive 
mammals? 

9.  How  does  the  development  of  the  Metathcria  differ  from  that  of  the 
Eutheria? 

10.  Name  .seven  orders  of  eutherian  mammals  and  briefly  characterize  each 
order. 

Suggestion  for  Further  Reading 

Newman,  H.  H.,  The  P/iylum  Chordata^  Biology  of  Vertebrates  and  Their  Kin,  The 
Macmillan  Company,  New  ^'ork,  1939. 


CHAPTER  27 


External  Features,  Skeleton,  Joints, 
Muscles,  and  Body  Cavity 


A 


As  examples  of  vertebrates  we  will  study  the  frog,  long  a  favorite 
laboratory  type,  and  the  human  being,  the  animal  with  which  we  are 
most  familiar.  In  studying  the  frog  we  must  remember  that  the  genus 
Rana  (frog)  did  not  come  into  existence  for  our  convenience  but  rather 
that  frogs,  large  and  small,  should  swim,  eat,  and  be  merry  after  the 
manner  of  tailless  amphibians. 

1.  EXTERNAL  FEATURES  OF  THE  FROG 

The  species  of  frog  usually  studied  in  this  country  is  the  leopard  frog, 
Rana  pipiens.  Its  smooth  body,  divided  into  head,  trunk,  and  limbs,  is 
well  adapted  to  slip  through  the  grass  and  dive  into  the  water  of  the 
streams  and  ponds  along  the  margins  of  which  it  lives.  In  its  ordinary 
resting  position  (Fig.  27:1)  on  land  the  long  hind  legs  are  bent  at  the 
sides  of  the  body  in  the  form  of  a  rather  flat  Z;  the  top  of  the  Z  against 
the  body  is  the  thigh,  the  slanting  portion  the  shank,  and  the  lower 
part  on  the  ground  the  foot.  The  short  front  legs,  bent  in  a  way  that  we 
should  characterize  as  bowlegged  if  they  were  not  in  front,  support  the 
body  in  a  slanting  position.  In  this  attitude,  although  at  rest,  the  frog  is 
ready  for  a  spring.  When  he  jumps  the  Z  becomes  a  straight  line  and  the 
legs  are  straightened  out  behind.  If  he  alights  on  land  it  is  on  his  fore 
feet,  which  take  up  the  shock ;  if  he  enters  the  water  the  legs  are  held  close 
to  the  sides  of  the  body  so  as  to  make  a  clean  dive. 

In  the  water  the  frog  may  come  to  rest  either  on  the  surface  or  at  the 
bottom.  On  the  surface  he  floats  with  just  the  top  of  his  head  above 
water  and  his  legs  spread  out.  In  this  position  his  nostrils,  two  openings 
near  the  tip  of  his  nose,  are  exposed  as  are  also  the  two  large  eyes,  which 
in  a  frog  are  on  the  top  of  the  head  as  they  are  in  a  crocodile  or  hippo¬ 
potamus  and  for  the  same  reason.  In  this  position  they  can  be  used  with 
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a  minimum  of  the  body  above  water.  The  eyes  of  the  frog  look  out  on 
either  side.  Thus  he  sees  a  different  picture  with  each  eye.  In  this  position 
the  ears  are  under  water.  The  frog’s  eardrum  or  tympanum  is  on  the 
surface  of  its  body,  so  that  there  is  no  external  ear  such  as  in  mammals. 
In  this  floating  position  the  frog  is  able  to  see  a  bird  or  other  enemy 
approaching  from  above,  and  is  able  immediately  to  dive  by  moving  its 
legs  upward  and  its  head  down. 


Fig.  27: 1  A  frog  {Rami  fnfnrris).  Note  attitude  of  the  fore  and  hind  limbs  and  the  position 
of  the  nostrils,  eyes,  and  eardrums.  Photograph  by  J.  W.  Mavor. 


'Fhc  surface  of  tlic  frog’s  body  is  smooth  and  covered  with  mucus  se- 
Tcted  by  glands  in  (lie  skin.  There  are  no  claws  upon  its  toes.  Like  the 
•harneleon  and  many  other  lower  vertebrates  the  frog  has  the  power  to 
:hange  color.  ITiis  is  due  t«)  changes  in  black  and  yellow  pigment  cells, 
ilso  in  the  skin.  In  all  its  external  features  the  frog  shows  a  high  degree 
if  adaptation  lo  its  life  in  the  grass  and  shrubs  along  the  margins  of 
Kinds  and  streams. 

In  comiiaring  the  general  form  of  a  man  with  that  of  a  frog  we  must 
ake  into  consideration  the  fact  that  man  stands  erect  with  the  axis  ol 
lis  body  at  right  angles  to  the  ground  while*  we  think  ol  tlu  liog  with  the 
ixis  of  its  body  more  or  less  paralle*!  to  the  ground.  To  make  the  parts 
’orrespond  we  must  stand  the  frog  u|)  like  a  man.  When  we  ele)  this  the 
interior  eir  freint  of  the*  man  e  eirrcsponds  to  the  ventral  siele  oi  the  frog 
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while  the  posterior  or  back  of  the  man  corresponds  to  the  dorsal  side  of 
the  frog.  In  man  the  term  superior  corresponds  to  anterior  in  the  frog 
and  inferior  to  posterior. 

The  human  body  is  divided  into  head,  neck,  thorax,  and  abdomen. 
The  neck  allows  the  head  to  be  turned  and  moved  about  upon  the 
shoulders.  This  is  a  great  advantage  to  a  land  animal  but  would  be  a 
disadvantage  to  any  animal  which  lives  and,  like  the  frog,  swims  under 
water.  A  fish  has  no  neck  nor  has  a  whale.  The  trunk  of  the  frog  is  not 
divided  into  thorax  and  abdomen.  The  division  of  the  trunk  of  the  mam¬ 
mal  into  thorax  and  abdomen  is  an  adaptation  to  its  method  of  breath¬ 
ing  which  will  Ix^  described  later. 

In  standing  the  frog  up  to  compare  him  with  a  man  we  have  put  his 
nose  in  the  air  and  made  him  open  his  mouth  to  the  sky,  which  is  an 
attitude  only  rarely  assumed  by  man.  While  man  carries  his  body  erect 
his  face  is  directed  forward  at  right  angles  to  the  axis  of  his  body  so  that 
his  mouth,  nose,  eyes,  and  cars  have  approximately  the  same  position 
with  reference  to  the  ground  on  which  he  stands  as  those  of  a  dog  or  frog 
in  the  natural  resting  position.  The  human  face  is  much  shortened  in 
comparison  with  that  of  a  frog  and  the  mouth  is  smaller.  The  eyes  look 
directly  forward,  giving  binocular  vision,  and  lie  deep  in  their  orbits 
protected  by  the  bones  of  the  skull.  The  eardrum  is  hidden  and  lies  at 
the  end  of  a  trumpet  formed  by  the  external  car  and  the  auditory  canal. 

2.  THE  SKELETON  OF  THE  FROG  AND  OF  AAAN 
A.  CARTILAGE  AND  BONE 

Two  kinds  of  material  occur  in  the  skeleton  of  vertebrates,  cartilage 
and  bone.  Cartilage  is  what  is  commonly  referred  to  as  gristle.  It  consists 
of  a  stiff  jellylike  matrix  formed  by  cells  which  remain  irregularly  scat¬ 
tered  through  it  and  continue  to  grow  and  divide  (Fig.  4:12).  In  bone 
the  matrix  is  made  hard  by  a  deposit  of  calcium  carbonate  and  calcium 
phosphate;  and  the  bone  cells  which  are  contained  in  small  cavities  or 
lacunae  in  the  bone  are  arranged  in  concentric  layers  around  the  central 
marrow  cavity  or  around  the  blood  vessels  contained  in  the  bone  (Fig. 
4:12).  Cartilage  is  enclosed  in  a  membrane  of  living  cells  called  the 
perichondrium.  All  bones  are  enclosed  in  a  similar  membrane  called 
the  periosteum.  In  the  living  body  the  bones  are  joined  together  or 
articulated  to  form  joints,  movable  or  immovable. 

The  vertebrate  skeleton  may  be  divided  into  an  axial  skeleton  con¬ 
sisting  of  the  skull,  vertebral  column,  ribs  (absent  in  the  frog),  and 
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sternum,  and  an  appendicular  skeleton  consisting  of  the  skeletal  parts 
of  the  limbs  and  their  supporting  girdles  (Fig.  27:2). 


B.  THE  FROG'S  SKULL 

d  he  skull  of  the  frog  consists  of  a  number  of  bones  and  cartilages  which 
ar(!  firmly  joined  (og(‘tli(‘r  except  at  the  angles  of  the  mouth  where  the 
joints  b(!tween  the  uj)|)er  and  lower  jaws  occur  (Fig.  27:3).  It  is  a  flat¬ 
tened  structun*  and,  when  looked  at  from  above,  triangular  in  shape. 
Indecxl  it  seems  a(  first  sight  to  consist  of  little  more  than  two  jaws  clos¬ 
ing  (lu!  enormous  mouth,  d  lu'  cranium  is  a  small,  elongated  box  occupy¬ 
ing  the  central  dor  sal  por  tion.  B(‘tw(‘('n  the  cranium  and  the  upper  jaw 
and  .s(‘rving  to  attac  h  the  two  together  ai'e  the  capsules  lor  the  organs  of 
special  .s(‘ns(',  the  nos(‘,  eyc',  and  ('ai'.  I  he  nasal  capsules  continue  the 
cr*aniirm  forwar'd  to  the*  fVont  of  the  uppc'r  jaw.  They  enelose  the  nasal 
cavities  whic’h  open  to  th('  ('xterior*  by  the'  external  nostrils  and  into  the 
rrroirih  cavity  by  the  internal  nostrils,  d  lu'  orbits  ai'C  rounded  spaees  on 
eidier  side  of  the*  cr  anirrrn  in  which  tlu'  ('yc'balls  are  lodged.  (Tn  each  side 
posteriorly  between  the  u|)|)(‘r  jaw  and  the  cranium  is  an  auditory 
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capsule  in  which  is  lodged  the  internal  ear.  A  large  posterior  opening  in 
the  cranium  called  the  foramen  magnum  (L.  foramen,  an  opening,  -f 
magnum,  large)  puts  the  cranial  cavity  in  communication  with  the  neural 
canal  of  the  vertebral  column,  t  hrough  the  foramen  magnum  the  spinal 
cord  becomes  continuous  with  the  brain.  Ventral  to  the  foramen  mag¬ 
num  is  a  pair  of  rounded  projections,  the  occipital  condyles  by  which 
the  skull  articulates  with  the  vertebral  column. 

Cranium  Foramen 


Nasal  capsule 


Upper  jaw  Lower  jaw 

SKULL  OF  FROG 


SKULL  OF  MAN 

Fig.  27:3  Above,  side  view  of  frog  skull;  below,  side  view  of  human  skull. 


C.  THE  HUMAN  SKULL 

Compared  with  that  of  the  frog  the  human  skull  is  relatively  much 
more  compact  (Fig.  27:3).  The  cranium  forms  a  much  larger  portion, 
and  the  jaws  a  much  less  conspicuous  part.  The  nasal  capsules  form  the 
skeleton  of  the  nose.  The  orbits  are  deep  set  and  completely  enclosed  at 
the  back  and  sides.  The  auditory  capsules  have  become  incorporated  in 
the  base  of  the  cranium  behind  the  articulations  of  the  lower  jaw¬ 
bones. 
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D.  FUNCTIONS  OF  THE  SKULL 

A  number  of  different  functions  are  performed  by  the  skull  of  which 
the  chief  are  the  following : 

1.  Protection  of  the  brain.  This  is  the  most  primitive  and  most  im¬ 
portant  function  of  the  skull  and  is  carried  out  chiefly  by  the  cranium. 

2.  To  provide  attachment  and  a  skeleton  for  jaws,  which  make  possi¬ 
ble  the  seizing  and  (in  many  animals)  the  mastication  of  food.  The  most 
primitive  fishes  are  without  jaws,  having  sucking  mouths. 

3.  Protection  and  support  for  the  organs  of  special  sense.  This  is  the 
function  of  the  nasal  and  auditory  capsules  and  the  orbits. 

4.  In  fishes  and  certain  of  the  more  primitive  amphibians  the  skull 
provides  a  skeletal  support  for  the  gills. 

5.  In  air-breathing  vertebrates  the  skull  provides  the  rigid  walls  of 
a  respiratory  passage  through  which  air  is  sucked  into  the  lungs. 


£.  THE  VERTEBRAL  COLUMN  OF  THE  FROG 


The  vertebral  column  of  the  frog  consists  of  nine  vertebrae  plus  a  long 
rodlike  bone  called  the  urostyle  which  extends  posteriorly.  A  typical 
vertebra  (Fig.  27:4)  consists  of  a  ventral  solid  portion,  oval  in  cross 

Neural  spine 

Transverse 
process  If 


Anterior 


Transverse 
process 

FROG'S  VERTEBRA 
(Lateral  view) 


Transverse 

process 


Posterior  Superior 
Centrum- 


Inferior 


HUMAN  VERTEBRA 
(Lateral  view) 


Transverse 

process 


FROG'S  VERTEBRA  Centrum  HUMAN  VERTEBRA 
(Anterior  view)  (Viewed  from  above) 

Fig.  27:4  'Fypiral  vcrtrhrac  of  frog  and  man.  Similar  virws  for  comparison. 

.section,  called  the  centrum,  which  suj)j)orts  a  neural  arch.  I  he  ccntiuin 
and  neural  areli  sutround  di<-  neural  canal.  In  llie  neural  canal  is 
lodged  die  spinal  eord,  a  portion  ol'  the  central  nervous  system.  The 
neural  areh  :md  eetitrum  together  form  a  structure  resembling  a  signet 
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ring,  the  centrum  being  the  signet,  and  the  spinal  cord  occupying  the 
position  which  would  be  occupied  by  a  finger.  Extending  dorsally 
from  the  neural  arch  is  the  neural  spine  and  laterally  on  each  side  a 
transverse  process.  The  centra  of  the  vertebrae  are  joined  together  by  a 
series  of  pads  of  cartilage  to  form  the  vertebral  column  or  backbone.  The 
first  vertebra,  called  the  atlas,  is  without  transverse  processes  and  has 
a  pair  of  oval  facets  for  articulation  with  the  occipital  condyles  of  the 
skull.  In  the  ninth  or  sacral  vertebra  the  transverse  processes  are  en¬ 
larged  for  attachment  of  the  pelvic  girdle. 

F.  THE  HUMAN  VERTEBRAL  COLUMN  AND  RIBS 

The  vertebral  column  of  man  shows  the  same  general  plan  as  that  of 
the  frog  but  is  more  complicated.  The  individual  vertebrae  (Fig.  27:4) 
differ  in  the  different  parts  of  the  lx)dy  so  that  five  regions  are  recognized, 
as  follows:  cervical,  thoracic,  lumbar,  sacral,  and  coccygeal  or  caudal. 
The  cervical  vertebrae  arc  in  the  neck  and  support  the  head.  It  is  an 
interesting  fact  that  there  are  the  same  number  of  cer\'ical  vertebrae  in 
man,  namely  scvtii,  as  in  most  of  the  higher  mammals,  including  the 
giraffe.  The  first  cervical  is  called  the  atlas,  the  second  the  axis.  There 
are  twelve  thoracic  vertebrae  to  which  the  twelve  ribs  are  attached. 
Five  lumbar  vertebrae  follow  these,  distinguished  by  their  prominent 
transverse  processes.  In  a  child  there  are  five  sacral  vertebrae  to  which 
the  pelvic  girdle  is  attached.  In  an  adult  these  five  vertebrae  arc  fused 
together  to  form  one  solid  bone,  the  sacrum.  The  coccygeal  vertebrae 
consist  of  three  or  four  small  nodules  of  bone,  man’s  vestige  of  a  tail. 

The  ribs  in  the  human  skeleton  are  long,  thin  bones  attached  to  the 
thoracic  vertebrae  at  the  back  and  curved  like  a  boomerang.  The  first 
seven  are  also  attached  to  the  sternum,  a  flat  bone  in  the  front  of  the 
chest,  and  are  called  true  ribs.  Of  the  remaining  five,  called  false  ribs, 
three  are  attached  by  costal  cartilages  to  the  sternum  and  the  other  two, 
called  floating  ribs,  are  unattached  in  front.  The  functions  of  the  ribs 
and  sternum  will  be  discussed  later  in  connection  with  the  respiratory 
system. 

G.  THE  FUNCTIONS  OF  THE  VERTEBRAL  COLUMN 

The  vertebral  column  or  backbone  forms  a  more  or  less  rigid  rod  ex¬ 
tending  the  length  of  the  trunk  and  tail  (when  present)  and  supported 
in  front  by  the  forelimbs  and  behind  by  the  hind  limbs.  From  this  rod 
are  hung  the  various  soft  parts  of  the  body  enclosed  in  the  muscular 
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body  wall.  This  function  of  the  backbone  is  very  conspicuous  in  a  horse 
or  cow.  In  man  and  other  vertebrates  which  assume  the  erect  or  semi- 
erect  attitude  this  function  is  in  part  performed  by  the  bones  of  the 
thorax  and  shoulders,  which,  however,  are  dependent  upon  the  verte¬ 
bral  column  for  their  support.  The  vertebral  column  also  supports  the 
skull  and  forms  the  skeleton  of  the  tail,  when  one  is  present. 


H.  THE  PECTORAL  AND  PELVIC  GIRDLES  OF  THE  FROG 

The  pectoral  girdle  serves  for  attachment  of  the  fore  limbs.  In  addi¬ 
tion  to  supporting  a  portion  of  the  weight  of  the  body  in  most  animals. 
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PECTORAL  GIRDLE  OF  MAN 
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Fig.  27:5  I’cctoral  girdles  of  frog  and  man.  Similar  views  for  comparison. 


the  fore  limbs  also  act  as  sheck  absorbers.  It  is  thus  an  adaptation  in  the 
frog  that  the  j)(‘ct()ral  girdle  to  which  the  fore  legs  are  attached  is  not 
joiiK'd  dir(‘ctly  to  lh(*  v('i't(‘l)ral  ('oliimn.  Although  the  hog  is  without 
ribs  it  ])()sscs.s(\s  a  sternum  in  apj)roximately  the  same  relative  position 
as  in  man  (log.  27:5).  'This  forms  the  ventral  portion  of  the  girdle.  The 
lateral  portions  ol  the  girdh'  (‘ac'h  consist  ol  lour  bones,  extending  aiound 
th(‘  sides  of  the  body  to  tin'  back  where  they  remain  quite  separate  from 
th('  V(‘rt<‘l )ra(*.  rhr(‘<*  ol  th(*S(‘  boiK's  lorin  a  tripod,  two  legs  of  which, 
formed  by  the  clavicle  and  coracoid,  an'  attached  to  the  sternum.  The 
third  leg  eonsisling  of  tin*  scapula  ('xtc'iuls  dorsally  and  has  attached  to 
it  a  suprascapula.  Tlu'  thre('  h'gs  ol  the  tripod  meet  at  the  glenoid 
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cavity  into  which  the  fore  limb  articulates.  It  is  easily  seen  that  such  a 
tripod  provides  not  only  a  good  attachment  for  the  limb  but  is  also  a 

good  shock  absorber. 

The  pelvic  girdle  may 
also  be  regarded  as  consist¬ 
ing  of  two  tripods  (Fig.  27:6).  ^ 

However,  the  two  ventral  legs 
of  the  tripod,  the  _pubis  an¬ 
terior  and  the  ischium  pos¬ 
terior,  which  correspond  to 
the  clavicle  and  coracoid  of 
the  pectoral  girdle,  are  short  * 
and  articulated  together  in 
the  mid-line,  there  being  no 
bone  here  .corresponding  to 
the  sternum.  The  dorsal  leg 
of  each  tripod,  the  ilium 
which  corresponds  to  the 
scapula,  is  long  and  articu¬ 
lates  with  the  transverse  proc¬ 
ess  of  the  sacral  vertebra. 
The  cavity  into  which  the  hind 

Similar  views  for  comparison.  articulates,  and  which  is 

situated  where  the  three  parts 
of  the  tripod  meet,  is  called  the  acetabulum. 

/.  THE  PECTORAL  AND  PELVIC  GIRDLES  IN  MAN 

In  the  human  pectoral  girdle  the  clav^icle,  here  called  the  collar  bone, 
is  attached  to  the  upper  part  of  the  sternum  but  the  coracoid  is  repre¬ 
sented  by  a  mere  knob  of  bone,  the  coracoid  procew  a^tjtached  to  the 
scapula  or  shoulder  blade.  On  account  of  man’s  erect  posture  the  pelvic 
girdle  is  a  large  and  important  part  of  his  skeleton.  On  each  side  the  three 
bones,  ilium,  pubis,  and  ischium,  are  fused  to  form  a  large  innominate 
bone,  which  is  attached  at  the  back  to  the  sacrum  and  in  front  to  its 
mate  at  the  symphysis  pubis.  The  bony  structure  formed  by  the  sacrum, 
the  two  innominate  bones,  and  the  coccyx  is  called  the  pelvis.  The 
bony  pelvis  forms  a  thick  irregular  ring  around  a  cavity,  the  opening  of 
the  pelvis.  Through  this  opening  the  child  passes  at  birth  and  the  size 
of  its  head,  if  it  is  to  be  born  naturally,  is  limited  by  the  size  of  this 
opening  in  the  mother. 
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Art  2  THE  SKELETON  OF  THE  FROG  AND  OF  MAN 

The  functions  of  the  pectoral  and  pelvie  girdles  must  be  sufficiently 
apparent  from  the  above  discussion  of  their  relation  to  the  fore  and  hind 
limbs. 


J.  THE  LIMBS  IN  THE  HUMAN  SKELETON 

It  will  be  more  instructive  to  describe  first  the  limbs  of  the  human 
skeleton  (Fig.  27:2).  The  bone  of  the  upper  arm  is  called  the  humerus. 
Its  upper  end  or  “head”  fits  into  the  glenoid  cavity.  The  fore  arm  con¬ 
tains  two  bones,  the  radius  and  ulna.  If  the  arm  is  held  out  to  the  side 
at  right  angles  to  the  body  so  that  the  palm  of  the  hand  is  to  the  front 
and  the  thumb  turned  up,  the  radius  and  ulna  are  parallel  and  the 
radius  is  uppermost.  When  the  hand  is  rotated  in  this  position  so  as  to 
turn  the  palm  backwards  and  the  thumb  down,  the  radius  and  ulna 
become  crossed.  There  are  eight  small  bones  in  the  wrist  called  the 
^ar^ls,  arranged  in  two  rows  of  four  each.  In  the  body  of  the  hand  are 
five  metacarpals,  each  corresponding  to  a  digit.  In  each  finger  there  are 
three 'pHSanges,  and  in  the  thumb  two. 

If  the  leg  of  a  human  skeleton  be  held  out  to  the  side  in  a  position 
parallel  to  that  in  which  the  arm  was  held  in  the  above  description  and 
with  the  big  toe  upward  and  the  sole  of  the  foot  forward,  the  correspond¬ 
ence  of  the  bones  in  the  two  appendages  becomes  evident.  The  thigh 
bone  is  called  the  femur  and  corresponds  to  the  humerus.  Like  the  fore 
arm  the  shank  contains  two  bones,  the  thicker  of  these  bones  is  called  the 
tibia  or  shin  bone.  It  corresponds  to  the  radius,  while  the  thinner  bone, 
called  the  fibula,  corresponds  to  the  ulna.  The  ankle  corresponds  to  the 
wrist;  it  contains  seven  irregularly  shaped  bones,  the  tarsals,  of  which 
the  largest  is  the  heel  bone.  The  instep  corresponds  to  the  body  of  the 
hand  and,  like  it,  contains  five  bones,  the  metatarsals.  The  big  toe,  which 
corn'sponds  to  th(‘  thumb,  has  two  phalanges,  while  each  of  the  other 
to(‘s  has  three*. 

K.  THE  LIMBS  IN  THE  FROG'S  SKELETON 

I’urning  now  to  the  frog  (lug.  27:2),  we  find  in  the  fore  limb  the  hu¬ 
merus,  ('orresponding  to  the*  same  bone*  in  man.  1  he  radius  and  ulna  aie 
fus(*d  to  form  a  single*  bone*,  (he*  radio-ulna,  but  the  line  ol  fusion  is 
el(*arly  to  lx*  s(*(*n.  In  the*  wrist  th(*re  are  six  carpals  arranged  in  two 
rows,  thr(*(*  in  (*arh.  H(*yon(l  these*  are*  five  metacarpals.  The  thumb  is 
ruelime*ntary  and  re*pre*se*nte'd  only  by  the*  small  metacai  j)<il ,  of  the  othei 
eligits  the*  twe)  e)ute*r  have*  e*aeh  thre*e*  |)halange*s,  while  the  two  inner  have 
twe).  In  the  hinel  limb  the*  le*mur  ce)rre*spe)nds  to  the  human  heme  of  that 
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name.  As  in  the  case  of  the  fore  limb  the  tibia  and  fibula  are  fused  to 
form  a  tibiofibula.  The  ankle  of  the  frog  is  elongated  to  give  additional 
leverage  for  jumping.  This  elongation  is  produced  by  the  interposition 
of  two  elongated  and  fused  bones  between  the  end  of  the  tibiofibula  and 
the  tarsals  proper,  which  latter  arc  reduced  in  size  and  number.  There 
are  five  wcll-dcvclopcd  metatarsal  bones.  The  first  digit  which  corre¬ 
sponds  to  the  big  toe  in  man  has  two  phalanges,  as  has  also  the  second  toe. 
The  third  and  fifth  digits  have  three  phalanges  each  and  the  fourth 
digit  four. 

The  various  functions  which  the  pectoral  and  pelvic  appendages  have 
taken  upon  themselves  in  the  different  groups  of  vertebrates  is  an  inter¬ 
esting  story  which,  unfortunately,  cannot  be  told  here. 

L  METAMERISM  AND  HOMOLOGY 

In  the  vertebrate  skeleton  there  arc  numerous  indications  of  a  primi¬ 
tive  metamerism  of  the  vertebrate  body,  a  feature  which  carries  us  back 
to  the  invertebrates  —  to  the  earthworm  and  the  crayfish.  Metamerism 
is  conspicuous  in  the  vertebral  column  and  the  scries  of  ribs.  The  verte¬ 
brae  and  ribs  arc,  however,  actually  formed  between  the  metamcres. 
In  comparing  the  skeleton  of  a  frog  with  that  of  a  man,  part  for  part,  we 
have  been  able  to  trace  out  the  homology  of  the  parts  and  in  many  cases 
it  must  have  become  obvious  to  the  student  that  bones  called  by  the 
same  name  in  the  two  skeletons  are  homologous.  Further,  the  arm  and 
leg  of  man  correspond  in  their  structure  and  mode  of  attachment  to  the 
body,  and  in  consideration  of  the  metamerism  indicated  by  the  vertebral 
column  occur  in  different  segments.  We  therefore  have  here  an  example 
of  serial  homology,  such  as  already  seen  in  the  series  of  appendages  of 
an  arthropod.  In  this  connection  it  will  be  well  for  the  student  to  refer 
to  the  discussion  of  homology  in  Chap.  24. 

3.  JOINTS 

The  different  bones  of  the  skeleton  are  joined  together  by  immovable 
joints  as  in  the  skull,  slightly  movable  joints,  such  as  those  between  all 
of  the  vertebrae  except  the  atlas  and  axis,  and  freely  movable  joints,  such 
as  those  of  the  limbs.  In  all  cases  a  softer  substance  is  placed  between 
the  bones. 

In  the  skull,  with  the  exception  of  the  lower  jaw,  the  bones  are  locked 
together  by  interdigitating  projections  forming  jagged  lines  of  union, 
called  sutures. 
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Fig.  27:7  Diagram  of  a  sec¬ 
tion  of  a  movable  joint  with  an 
articular  disc  of  cartilage.  The 
synovial  fluid  is  solid  black. 
After  Kimber,  Gray,  and  Stack- 
pole,  Textbook  of  Anatomy  and 
Physiology^  The  Macmillan  Com¬ 
pany. 


The  centra  of  the  vertebrae  and  the  two  pubic  bones  of  the  pelvis  are 
held  together  by  discs  of  fibrous  cartilage,  forming  what  is  called  a  sym¬ 
physis.  Such  a  joint  permits  of  a  slight 
movement  because  of  the  elasticity  of  the 
cartilage. 

A  typical  movable  joint,  such  as  one  of 
those  in  the  limbs,  is  enclosed  in  a  liga¬ 
mentous  capsule  composed  of  fibrous  tissue 
(Fig.  27:7).  The  end  of  each  bone  is  covered 
by  a  smooth  layer  of  cartilage,  the  articular 
cartilage.  Between  the  articular  cartilages 
is  a  viscid  lubricating  fluid,  the  synovial 
fluid,  secreted  by  the  synovial  membrane 
which  lines  the  joint  cavity.  When  the 
bones  are  moved  at  the  joint  the  smooth 
surfaces  of  the  articular  cartilages  slip  past 
each  other,  lubricated  by  the  synovial 
fluid.  In  some  cases  (Fig.  27:7)  an  articular 
disc  is  interposed  between  the  two  articular  cartilages,  separating  the 
joint  cavity  into  two  cavities. 

4.  THE  VOLUNTARY  MUSCLES 

The  voluntary  or  skeletal  inuseles  cover  the  skeleton  and  constitute  a 
large  part  of  the  bulk  and  weight  of  the  vertebrate  body.  They  are 
n^ferred  to  as  voluntary  l)ecause  they  are  directly  under  the  control  of 
the  will.  In  this  respect  they  are  different  from  the  muscles  of  the  intes¬ 
tines  and  other  intc'rnal  organs  which  arc  normally  not  under  the  control 
of  the  will  and  are,  therefore,  called  involuntary.  Voluntary  muscles 
vary  in  shaj^e  according  to  the  work  which  they  j^crforin.  The  muscles 
which  form  (Ik*  abdominal  wall  are  wide,  thin  sheets  of  tissue,  while  the 
muscles  of  tlu'  arms  and  legs  ar('  in  many  cases  like  long  thick  straps. 

As  an  examj)I(‘  of  a  typical  muscle,  we  will  choose  the  gastrocnemius 
muscle  (lug.  27:8),  which  forms  (he  calf  of  the  hind  leg  and  is  similar 
in  all  ainbulalory  v(‘rlcl)ra((‘S,  iiK'luding  man.  This  muscle  is  attached 
at  one  end,  (  ailed  (h(‘  origin,  lo  (he  back  or  posterior  surface  of  the  lowci 
or  distal  portion  of  th(‘  femur.  At  the  other  end,  called  the  insertion,  it 
is  continued  into  a  long  tendon,  tlu*  tendon  of  Achilles,  which  passes 
round  the  back  of  (he  heel  and  is  attaelunl  to  the  lu'cl  beme.  The  origin 
of  a  mus('l(‘  is  delined  as  th('  part  which  remains  redativedy  fixed  with 
regard  to  the  body  when  the  muscle  (ontracts.  ddie  insertion  is  the  end 
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or  part  which  moves  relatively  to  the  rest  of  the  body.  I  he  effect  pro¬ 
duced  by  the  contraction  of  a  muscle  is  called  its  action.  "1  he  gastro¬ 
cnemius  muscle  has  a  double  action 
as  its  contraction  may  produce  one  or 
both  of  two  effects;  it  may  straighten 
out  the  foot,  making  the  man  or 
animal  rise  on  its  toes,  or  it  may  bend 
the  leg  at  the  knee  back  toward  the  I 
thigh.  The  first  of  these  is  called  ex-  ' 
tension  and  when  functioning  in  this  , 
way  the  muscle  is  called  an  extensor 
of  the  foot,  while  the  second  is  known 
as  flexion  and  the  muscle  is  said  to  be 
a  flexor  of  the  leg. 

Seldom,  if  ever,  does  a  muscle  of 
the  body  come  into  action  alone. 
Muscles  occur  in  groups  which  act  to¬ 
gether  and  in  harmony  to  produce 
certain  movements.  Each  group  of 
muscles  is  usually  opposed  by  an  an¬ 
tagonistic  group  which  so  to  speak 
“takes  up  the  slack”  and  gives  pre¬ 
cision  and  steadiness  to  the  move¬ 
ment.  Thus  among  the  muscles  in  the  frog  which  oppose  the  group  to 
which  the  gastrocnemius  belongs  is  the  peroneus,  situated  in  the  front 
of  the  leg,  arising  on  the 
front  of  the  femur,  and  in¬ 
serted  on  the  upper  surface 
of  one  of  the  heel  bones. 

This  muscle  extends  the  leg 
and  flexes  the  foot  in  the 
frog.  In  man  these  move¬ 
ments  inv^olve  somewhat 
more  complicated  and  spe¬ 
cialized  groups  of  muscles. 

A  voluntary  muscle  is 
composed  of  many  bundles 
of  muscle  fibers,  bound 

together  by  connective  tissue  (Fig.  27:9).  Connective  tissue,  which 
forms  the  binding  and  packing  of  the  body,  is,  like  all  tissues,  cel¬ 
lular,  but  it  contains  besides  irregular  cells  many  fine  fibers  produced 
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Fig.  27:9  Cross  section  of  shank  of  frog’s  hind  leg, 
showing  gastrocnemius  muscle  and  other  structures. 
The  clear  areas  between  the  muscles  contain  con¬ 
nective  tissue. 


Fig.  27:8  Opposing  muscles  in  the 
leg  of  a  toad.  The  gastrocnemius  muscle 
is  lahx'lcd  on  the  right.  It  is  a  flexor  of 
the  shank  and  an  extensor  of  the  foot. 
The  peroneus  muscle  is  a  flexor  of  the 
foot,  .\fter  Hegner,  College  ^oology,  The 
Macmillan  Company. 
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by  the  cells  and  woven  together  to  form  a  more  or  less  loosely  matted 
material  in  the  meshes  of  which  the  connective  tissue  cells  lie.  The 
muscle  fibers  (Fig.  27:10)  of  voluntary  muscles  are  exceedingly  long, 
cylindrical  bodies,  which  may  reach  in  an  adult  a  length  of  several 
inches,  although  only  0.01  millimeter  (3^50  inch)  in  diameter.  They 
contain  numerous  nuclei  (Fig.  4:13). 

Running  lengthwise  through  the  cytoplasm  of  the  muscle  fiber  are 
numerous  fine  fibrils.  The  muscle  fiber  is  surrounded  by  a  membrane 
called  the  sarcolemma.  It  is  be¬ 
lieved  that  the  contractility  of  the 
muscle  fiber  is  due  to  the  fibrils. 

Each  fibril  consists  of  a  succession 
of  light  and  dark  portions,  like  dark 
and  light  beads  on  a  necklace,  and 
as  the  dark  and  light  positions  of  the 
fibrils  correspond  across  a  muscle 
cell,  the  whole  cell  seems  to  be  di¬ 
vided  into  short  dark  and  light 
bands.  Because  of  this,  voluntary 
muscle  is  also  called  striated  mus¬ 
cle.  Striated  muscle  fibers  should 
not  be  regarded  as  cells  since  each 
one  contains  numerous  nuclei. 

Muscle  fibers  contract  in  response 
to  a  stimulus  received  through  a 
nerve  fiber.  The  nerve  fibers  make 
contact  with  the  muscle  fibers 
through  special  end  organs  called 
motor  end  plates.  When  a  muscle 
contracts,  usually  not  all  of  the 
muscle  fibers  in  it  contract.  The 
force  ex(Tted  by  the  musch*  depends  on  the  number  of  fibers  contracting. 

d’o  do  work  muscles  must  be  su|)plied  with  energy.  This  the  muscle 
obtains  by  oxidizing  the  sugar  glucose.  This  sugar  and  also  the  oxygen 
ar(!  brought  to  it  in  the  blood  vessels  with  which  most  muscles  are 
plentifully  supplied. 

5.  THE  BODY  CAVITY 

'Vhr  body  wall  of  the  frog  surrounds  and  encloses  the  body  cavity  or 
coclom.  4’his  (‘xtends  from  just  Ix'hind  th('  mouth  to  the  postei  ioi  end 
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Fig.  27:10  Cross  section  of  a  human 
muscle.  After  Bremer,  A  Textbook  of  Histol- 
by  permission  of  P.  Blakiston’s  Son 
and  Company. 
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of  the  trunk,  and  contains  various  organs  such  as  the  stomach,  intestine, 
and  liver.  The  organs  contained  in  the  body  cavaty  constitute  the  viscera. 
The  body  cavity  is  almost  completely  filled  by  the  viscera  which  float  in 
a  small  amount  of  clear  liquid  called  the  coelomic  fluid.  The  coelomic 
fluid  permits  the  movement  of  the  viscera  within  the  body  cavity.  As  a 
result  of  the  contractions  of  the  involuntary  muscles  which  they  contain 
the  separate  organs  in  the  body  cavity  are  slowly  but  almost  continu¬ 


ously  changing  their  shape  and  position.  The  part  of  the  coelom  which 
contains  the  heart  is  separated  from  the  rest  of  the  body  cavity  by  a 
membranous  sac,  the  pericardial  sac.  The  cavity  of  this  sac,  which 
surrounds  the  heart  and  contains  coelomic  fluid,  is  called  the  pericardial 
cavity.  The  remainder  of  the  coelom  which  contains  most  of  the  viscera 
is  called  the  peritoneal  or  abdominal  cavity.  Thus  the  coelom  of  the 
frog  is  divided  into  abdominal  and  pericardial  cavities  (Fig.  27:11). 

The  abdominal  cavity  is  everywhere  lined  by  a  moist  glistening  mem¬ 
brane,  the  peritoneum,  which  secretes  the  coelomic  fluid.  The  peri¬ 
toneum  envelops  the  viscera,  covering  them  with  a  similar  moist  and 
glistening  membrane.  The  viscera  are  loosely  attached  to  the  body  wall 
by  thin  sheets  of  connective  tissue  containing  blood  vessels  and  nerves. 
These  membranous  sheets  are  covered  on  each  side  by  peritoneum. 
When  the  organ  is  a  part  of  the  digestive  tract  the  membranous  sheet  is 
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called  a  mesentery.  A  transverse  section  of  a  frog  in  the  abdominal 
region  shows  the  distribution  of  the  peritoneum  (Fig.  27:12). 

In  man  and  mammals  generally  the  coelom  is  still  further  divided  by 
the  diaphragm,  a  sheet  of  muscle  and  connective  tissue  extending  trans¬ 
versely  across  the  middle  of  the  body.  The  diaphragm  passes  in  man 
inferior  to  (in  other  mammals  posterior  to)  the  pericardial  sac  and 
separates  two  lateral  cavities  containing  the  lungs,  and  hence  called 
pleural  cavities,  from  the  peritoneal  cavity.  Thus  in  man  there  are  four 


Mesentery 
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Fig.  27:12  Transverse  section  of  a  frog  in  the  abdominal  region.  The  peritoneum 
indicated  by  a  dotted  line. 
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divisions  of  the  coelom,  the  pericardial  cavity,  two  pleural  cavities,  and 
the  peritoneal  cavity.  This  docs  not  include  two  cavities,  the  scrotal 
cavities,  which  occur  in  the  male  only  and  will  be  described  in  the  chap¬ 
ter  on  reproduction.  The  relations  of  the  peritoneum  and  mesenteries 
arc  similar  in  man  and  the  frog. 
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1.  External  features  of  the  frog 

2.  The  skeleton  of  (he  frog  and  of  man 
A.  Cartilage  and  bone 
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C.  The  human  skull 
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!•’.  The  vertebral  column  of  the  frog 
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II.  d’he  pectoral  and  |)el\ic  girdles  ol  the  hog 
I.  'The  pectoral  and  pelvic  girdles  in  man 
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J.  The  limbs  in  the  human  skeleton 

535 

K.  The  limbs  in  the  frog’s  skeleton 
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Questions 

1.  Make  a  list  of  the  adaptations  which  can  be  recognized  in  the  external  fea¬ 
tures  of  the  frog. 

2.  What  does  man  gain  from  the  erect  posture? 

3.  Distinguish  Ix^tween  cartilage  and  Ixjne. 

4.  Compare  the  skull  of  a  frog  with  that  of  a  man. 

5.  Discuss  the  functions  of  the  skull. 

6.  Describe  a  typical  vertebra. 

7.  Account  for  the  differences  Ixitween  the  pectoral  and  pelvic  girdles  in  the 
frog.  Do  the  same  for  the  differences  Ixrtween  the  pectoral  and  pelvic  girdles 
of  man. 

8.  Discuss  the  serial  homology  of  the  human  limbs. 

9.  Describe  a  typical  freely  movable  joint. 

10.  Discuss  the  action  of  the  gastrocnemius  muscle  of  the  frog  or  man. 

11.  Describe  a  muscle  fiber. 

12.  Compare  the  coelomic  cavities  of  the  frog  and  man. 


CHAPTER  28 


The  Digestive  System 


1.  A  GENERAL  ACCOUNT  OF  THE  PROCESS  OF  DIGESTION 


The  function  of  the  digestive  system  is  to  prepare  the  food  materials 
for  absorption  by  the  cells  of  the  wall  of  the  small  intestine.  As  must 
have  become  clear  from  the  discussion  of  the  plasma  membrane,  the 
number  of  organic  substances  which  can  pass  through  this  membrane 
is  relatively  small  and  confined  to  a  few  types.  It  is  therefore  necessary 
that  organic  food  materials  should  be  transformed  in  order  to  be  ab¬ 
sorbed.  In  the  vertebrate  different  parts  of  the  alimentary  tract  have 
become  specialized  to  perform  different  types  of  transformation.  After 
its  capture  and  while  still  in  the  mouth  cavity  the  food  material  may  be 
submitted  to  the  first  steps  in  the  digestive  process.  Not  all  vertebrates 


chew  their  food,  indeed  the  majority  do  not.  In  mammals  the  food  is 
not  only  masticated  in  the  mouth  but  it  is  also  there  submitted  to  the 
action  of  enzymes  secreted  l^y  the  salivary  glands  which  attack  the  car¬ 
bohydrates.  After  |)assing  through  the  esophagus  the  food  is  churned  in 
the  stomach  and  acted  on  by  enzymes  produced  by  the  wall  of  the 
stomach  which  affect  chieOy  proteins.  The  food  is  retained  in  the  stom¬ 
ach  by  the  pyloric  valve  until  it  reaches  a  creamy  consistency,  after 
which  it  passes  into  the  small  intestine.  It  is  here,  in  the  small  intestine, 
that  the  most  imi)ortant  digestive  changes  occur  as  a  result  of  the  action 
of  enzymes  from  the  j^iancreas  and  from  glands  in  the  intestinal  wall, 
d  hese  enzymes  acting  on  the  proteins,  fats,  and  carbohydrates  reduce 
tliern  to  the  simph'r  organic  substances  which  can  be  absorbed.  Ab¬ 
sorption  occurs  chiefly  through  the  walls  of  the  small  intestine.  The 
function  of  the  large  intestine,  into  which  the  remaining  material  passes, 
seems  to  be  chiefly  the  absorption  of  water.  Before  passing  to  a  more 
detailed  study  of  digestion  it  is  desirable  to  go  over  the  anatomy  of  the 


ot>;aiis  involved. 


543 


544 


THE  DIGESTIVE  SYSTEM  Ch.  28 


2.  THE  MOUTH  CAVITY  OF  THE  FROG 


Fig.  28:1  Movements  of  tongue  of  frog.  Re¬ 
drawn  after  Hegner,  College  Zoology,  The  Mac¬ 
millan  Company. 


The  frog  feeds  on  insects  and  other  small  animals.  It  catches  in.sects 
on  the  wing  by  flipping  out  its  tongue,  which  is  attached  at  the  front 
of  the  mouth  (Fig.  28:1).  Worms  and  other  crawling  forms  arc  caught 

between  the  jaws.  The  frog 
teeth  on  its  upper  jaw, 
maxillary  teeth,  and  on  the 
roof  of  its  mouth,  vomerine 
teeth.  The  frog  does  not  chew 
its  food  but  swallows  it  whole, 
using  its  teeth  only  to  seize  it. 
The  mouth  (Fig.  28:2)  is  lined  by  a  mucous  membrane  which  is  ciliated 
except  on  the  tongue.  Tubular  mucous  glands  open  into  the  front  of  the 
mouth  and  provide  a  sticky  mucus  with  which  the  tongue  becomes 
covered.  Posteriorly  the  mouth  is  continuous  with  the  gullet  or 
esophagus. 

Communicating  with  the  mouth  arc  various  openings  not  directly 
concerned  with  digestion  but  best  considered  here.  On  the  roof  near 
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Fig.  28:2  Comparison  of  the  mouth  cavities  of  the  frog  and  man. 


the  front  of  the  upper  jaw  are  the  internal  or  posterior  nares.  The  pos¬ 
terior  nares  connect  with  the  external  nares  or  nostrils  through  the  nasal 
cavities.  On  either  side  of  the  pharynx  near  where  the  upper  and  lower 
jaws  join  at  the  angles  of  the  mouth  are  the  openings  of  the  Eustachian 
tubes.  The  Eustachian  tubes  lead  to  the  middle  ears  and  will  be  con¬ 
sidered  later  in  the  description  of  those  organs.  On  the  floor  of  the  mouth 
in  front  of  the  opening  of  the  esophagus  and  between  the  two  backward 
projecting  forks  of  the  tongue  is  a  longitudinal  slitlike  opening,  the  glottis, 
which  leads  through  the  larynx  to  the  lungs.  The  portion  of  the  mouth 
into  which  the  glottis  opens  is  known  as  the  pharynx.  When  the  frog 
swallows,  the  food  has  to  pass  the  glottis  in  order  to  reach  the  esophagus ; 
when  this  occurs  the  glottis  is  involuntarily  closed  by  the  two  lips  of  the 
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slit  coming  together.  This  peculiar  and  at  times  rather  unfortunate 
arrangement  by  which  the  food  must  cross  the  air  passage  occurs  in  all 
air-breathing  vertebrates. 


3.  THE  MOUTH  AND  NASAL  CAVITIES  OF  MAN 

In  order  to  compare  the  relations  of  the  organs  in  the  head  of  the  frog 
and  man,  one  must  imagine  the  frog’s  head  bent  at  right  angles  to  the 
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Fig.  28:3  Sagittal  srxtion  of  tlu*  human  head. 

rest  of  liis  body,  the  bend  being  made  about  the  middle  of  the  head, 
d’he  mouth  and  nasal  cavities  then  remain  iiorizontal  while  the  pharynx 
btxomes  vt'rtical.  The  similarity  in  structure  then  becomes  evident 
(Figs.  28:3  and  28:5). 

d  he  limnan  nostrils  or  extt'i  nal  nares  correspond  in  position  and 
function  to  the  similarly  named  structures  in  the  Irog.  The  nasal  cavities 
in  man  are  relatively  larger  than  those  of  the  frog  and  the  inteinal  nares 
optm  at  the  back  of  (he  mouth  instead  of  near  the  front  as  in  the  frog, 
being  separated  from  th(‘  mouth  cavity  by  a  structure  called  the  palate, 
l-aeh  of  the  nasal  cavities  contains  three  thin  irregularly  coiled  sheets  ol 
bone,  th(‘  turbinates,  whi(’h  are  covered  by  a  mucous  membianc,  the 
olfactory  nicnibranc,  which  contains  cells  sensitive  to  odois.  Ihe  palate 
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forms  the  roof  of  the  mouth.  The  anterior  portion,  called  the  hard 
palate,  contains  a  bony  plate  while  the  posterior  portion,  the  soft  palate, 
is  muscular.  The  human  pharynx  is  divided  for  the  purposes  of  descrip¬ 
tion  into  a  nasopharynx,  situated  behind  the  nose,  into  which  the 
internal  nares  open,  and  an  oral  pharynx,  situated  behind  the  mouth 
and  tongue  into  which  the  glottis  opens.  The  glottis  and  the  opening  of 
the  esophagus  into  the  mouth  are  in  the  same  relative  positions  as  in  the 
frog,  so  that  here  also  the  food  in  order  to  reach  the  esophagus  must  pass 
the  glottis.  In  man  the  glottis  is  closed  during  swallowing  by  a  lidlike 
structure,  the  epiglottis,  attached  anteriorly  at  the  root  of  the  tongue. 

We  proceed  to  consider  the  human  mouth  in  somewhat  more  detail. 
In  this  the  student  is  advised  to  study  his  own  mouth  with  the  aid  of  a 
mirror  (Fig.  28:2).  The  margins  of  the  upper  and  lower  jaws  project 
into  the  cavity  of  the  mouth  and  arc  covered  with  a  rather  firm  tissue 
forming  the  gums.  The  teeth  arc  fastened  into  sockets  in  the  jaws.  The 
normal  number  of  permanent  teeth  in  man  is  thirty-two,  sixteen  in  each 
jaw.  In  front  are  the  eight  incisors,  two  on  each'  side  of  each  jaw, 
next  come  the  canines  or  “eyeteeth,”  not  large  like  those  of  the  dog  but 

nevertheless  recognizable, 
then  on  each  side  of  each 
jaw  two  premolars  and 
three  molars.  The  third 
molars  are  the  wisdom  teeth 
and  do  not  always  appear. 
The  milk  teeth,  the  first 
set  of  teeth,  are  twenty  in 
number  corresponding  to 
all  of  the  permanent  teeth, 
excepting  the  twelve  molars 
which  appear  only  in  the 
permanent  set. 

A  typical  tooth  consists 
of  a  root,  neck,  and  crown 
(Fig.  28:4).  The  crown  is 
the  part  above  the  gum 
and  is  covered  with  en¬ 
amel.  The  neck  is  the  por¬ 
tion  surrounded  by  the  gum.  The  root  is  the  portion  imbedded  in 
the  jawbone.  It  is  covered  by  a  bony  layer  called  cement,  and  firmly 
united  with  the  jawbone  by  connective  tissue.  The  body  of  the  tooth  is 
composed  of  dentine  or  ivory,  a  substance  which  is  similar  to  bone. 


CANINE  TOOTH 

Fig.  28:4  Longitudinal  section  of  a  tooth.  The  ce¬ 
ment  which  unites  the  dentine  of  the  root  with  the 
bone  of  the  jaw  is  not  shown.  It  occupies  the  clear 
space  surrounding  the  root. 
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The  roots  of  all  the  teeth  except  the  molars  are  single.  The  upper  molars 
have  three  roots  and  the  lower  molars  two  roots.  Each  tooth  contains  a 
central  pulp  cavity  extending  down  to  the  tip  of  the  root  or  roots.  Into 
this  cavity  go  blood  vessels  and  nerves.  A  tooth  dies  or  is  killed  when  the 
blood  vessels  and  nerves  in  the  pulp  cavity  are  destroyed. 

The  incisor  and  canine  teeth  have  chisellike  crowns  and  are  used  for 
biting  and  tearing  the  food.  The  premolar  and  molar  teeth  have  flattened 
crowns  and  are  used  for  grinding  and  crushing  the  food.  In  the  dog  and 
cat  the  incisors  are  small  and  of  little  use,  the  canines  are  large  and  the 
chief  offensive  organ  of  the  dog,  while  the  premolars  have  sharp  edges 
more  adapted  for  tearing  flesh  than  for  grinding  food,  the  dog  and  cat 
being  naturally  carnivorous  or  flesh-eating  animals. 

In  man  the  soft  palate  hangs  down  at  the  back  of  the  mouth.  Behind 
and  below  it  on  either  side  are  the  tonsils,  reddish  masses  of  tissue.  The 
openings  of  the  Eustachian  tubes  lie  above  the  palate  and  behind  the 
nose.  Communicating  with  the  nasal  cavities  are  a  number  of  air  sinuses. 
In  front,  directly  above  the  nose,  is  the  frontal  sinus,  at  the  back  of  the 
nasal  cavities  is  the  sphenoidal  sinus,  and  on  either  side  in  the  bone  of 
the  upper  jaw  is  a  maxillary  sinus.  Infection  of  these  air  spaces  is  the 
cause  of  “sinus  trouble.”  Failure  of  the  epiglottis  to  close  when  swallow¬ 
ing  causes  the  food  to  “go  the  wrong  way.”  In  swallowing  the  soft 
palate  moves  upward  and  shuts  off  the  nasal  cavities  from  the  mouth, 
a  circumstance  which  makes  it  possible  for  some  people  to  drink  a  glass 
of  water  while  standing  on  their  heads. 

4.  THE  DIGESTIVE  SYSTEM  OF  THE  FROG 

We  will  now  consider  the  digestive  tract  and  associated  digestive 
glands  of  the  frog,  U'aving  the  discussion  of  the  process  of  digestion  and 
the  functions  of  the  different  parts  until  after  the  human  digestive  sys¬ 
tem  has  been  considered. 

The  gulh't  or  esophagus  leads  directly  from  the  back  of  the  mouth  to 
the  stomach.  d’h(‘r('  is  no  distinct  boundary  between  the  esophagus  and 
stomach,  th(‘  transition  from  the  one  to  the  other  being  gradual.  The 
esophagus  of  frogs  is  remarkably  distensible.  Bulllrogs  have  been  known 
to  swallow  s|)arrows.  Th(‘  stomach  bulges  out  on  the  left  side  (Fig.  28:5) 
and  gradually  tap(‘rs  to  end  in  tlu'  pyloric  constriction,  a  valvular 
structure  by  which  the  j)assageway  from  the  stomach  to  the  intestine 
can  be  open(‘d  or  elos(‘d  by  the  relaxation  or  contraction  of  circular 
sphincter  musel(-s.  Small  tubular  glands  in  the  lining  ol  the  stomach 
seeret('  the  ga.strie  juice*. 
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I’he  intestine,  which  constitutes  the  remainder  of  the  alimentary  i 
tract,  is,  in  the  frog,  divided  into  three  regions  called  the  duodenum,  I 
ileum,  and  rectum,  and  terminates  in  the  cloaca.  The  duodenum  | 
and  ileum  together  form  the  small  intestine,  while  the  much  larger 
rectum  constitutes  the  large  intestine,  although  by  some  authors  the  I 
cloaca  also  is  included  in  the  large  intestine.  The  duodenum  is  relatively 
short  and  of  small  diameter.  It  is  distinguished  from  the  rest  of  the 
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Fig.  28:5  Diagram  of  a  lateral  dissection  of  the  internal  organs  of  a  frog.  From  L.  L. 
Woodruff,  Foundations  oj  Biology^  The  Macmillan  Company. 


digestive  tube  by  having  opening  into  it  the  ducts  of  the  liver  and  pan¬ 
creas.  The  ileum  has  approximately  the  same  diameter  as  the  duodenum 
but  is  much  longer  and  closely  coiled.  The  rectum  is  a  thin-walled  sac- 
like  structure  almost  equal  in  length  and  diameter  to  the  stomach.  It 
leads  into  the  cloaca.  The  cloaca  (Latin  for  “sewer”)  is  short  and  thick 
walled;  into  it  the  ducts  of  the  excretory  and  reproductive  organs  open. 
The  opening  of  the  cloaca  to  the  exterior  at  the  extreme  posterior  end 
of  the  frog  is  called  the  anus.  The  cloaca  is  a  structure  not  found  in  the 
higher  mammals  and  man,  the  rectum  of  these  animals  opening  directly 
on  the  surface  of  the  body.  The  stomach,  small  intestine,  and  rectum 
are  attached  to  the  dorsal  body  wall  along  the  line  of  the  vertebral 
column  by  a  mesentery,  as  already  stated  in  the  section  on  the  body 
cavity.  In  this  mesentery  run  the  blood  vessels  and  nerves  to  the  various 
parts  of  the  alimentary  tract. 
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The  walls  of  the  different  portions  of  the  digestive  tube  are  similar 
in  structure.  The  general  plan  of  this  structure  is  well  shown  in  a  cross 
section  of  the  small  intestine  (Fig.  28:6).  On  the  outside  is  a  thin  layer 
of  peritoneum  continuous  with  that  of  the  mesentery.  Within  this  is  a 
layer  of  longitudinal  muscle  fibers  which  are  cut  across  in  the  section 
and  appear  as  small  round  bodies.  Next  comes  a  much  thicker  layer  of 
circular  muscle  fibers,  which  since  they  run  round  the  intestine  are 
cut  lengthwise  and  show  as  elongated  cells.  The  next  layer  is  the  sub¬ 
mucosa,  a  more  or  less  spongy  mass  of  connective  tissue,  containing 
lymph  spaces.  Lastly  we  come  to  the  mucosa,  the  layer  lining  the  cavity 
of  the  intestine.  The  mu¬ 
cosa  consists  of  a  single 
layer  of  columnar  epithelial 
cells,  elongated  in  a  direc¬ 
tion  at  right  angles  to  the 
surface.  There  are  two 
kinds  of  these  cells,  one 
kind  called  goblet  cells, 
because  they  contain  a 
large  oval  vacuole  and 
secrete  mucus;  the  other 
kind,  called  absorptive 
cells,  arc  concerned  with 
the  absorption  of  the  di¬ 
gested  food,  wliieli  process  occurs  mainly  in  the  small  intestine,  me 
mucosa  is  relatively  iiK'lastic  so  that  when  the  circular  muscle  fibers  con¬ 
tract  it  is  thrown  into  longitudinal  lolds,  which  appear  in  sections  as  pro¬ 
jections  into  the  cavity  ol  the  intestiiu'.  1  he  movements  of  the  intestine 
which  ar('  produced  by  tlu'  contractions  ol  the  longitudinal  and  circular 
muscle*  fibers  will  lx*  discussed  in  connection  with  the  human  digestive 
system. 

I  he  liver  is  tin*  largest  gland  in  the  frog’s  body,  and  fills  up  a  con¬ 
siderable*  j)ortion  of  the  anle'rior  part  of  the  body  cavity  (Fig.  28.7).  Its 
seen'tion  is  called  the  bile  or  gall.  Associated  with  the  liver  is  a  sac 
called  the*  gall  bladder  in  which  the  bile  is  stored.  The  bile  leaves  the 
liver  in  hepatic  ducts  .iiid  may  he  rarried  Ironi  these  duets  eithei 
direedy  lo  (lie  diiodeimm  llirouph  (lie  common  bile  duct,  oi  may  pass 
lirsi  (o  (he  ,i;all  bladder  to  he  stored  (here  and  later  carried  through  the 
common  bile  duet.  This  is  made  possible  by  the  way  in  which  tht 
hepatic  duets  from  the  riejn  side  of  (he  liver  join  with  (he  cystic  ducts 
Irom  the  gall  bladder  to  lorm  the  common  bile  duct  which  also  receives 
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Fig.  28:6  Part  of  a  cross  section  of  a  frog’s  intes¬ 
tine.  Redrawn  after  S.  J.  Holmes,  Biology  of  the  Frogj 
I’hc  Macmillan  Company. 
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the  hepatic  ducts  from  the  left  side.  Bile  may  thus  pass  either  from  the 
liver  to  the  gall  bladder,  from  the  liver  directly  to  the  duodenum,  or 
from  the  gall  bladder  to  the  duodenum.  The  common  bile  duct  passes 
through  the  pancreas  on  its  way  to  the  duodenum. 

The  pancreas  is  a  flattened,  irregularly  lobed  gland  located  in  the 
membrane  extending  between  the  liver  and  the  duodenum,  called  the 


Common  bile  duct 


Fig.  28:7  Frog.  Ventral  view  of  a  dissection  of  the  liver,  gall  bladder,  pancreas,  and 
their  ducts.  Lobes  of  the  liver  are  turned  forward.  From  L.  L.  Woodruff,  Animal  Biology, 
The  Macmillan  Company. 

duodeno-hepatic  ligament.  The  pancreatic  duct  opens  into  the  com¬ 
mon  bile  duct  as  the  latter  passes  through  the  pancreas.  There  is  no  pan¬ 
creatic  bladder,  the  pancreatic  juice  being  secreted  as  required  by  a 
mechanism  described  later  in  this  chapter. 

5.  THE  DIGESTIVE  SYSTEM  OF  MAN 

Three  pairs  of  salivary  glands  supply  the  saliva:  the  submaxillary 
glands,  one  on  the  inner  side  of  each  of  the  lower  jaws,  the  sublingual 
glands  below  the  tongue,  and  the  parotid  glands  on  the  side  of  the  upper 
jaw  just  in  front  of  the  ear  (Fig.  28:8).  The  ducts  of  the  first  two  of  these 
glands  open  on  the  floor  of  the  mouth  in  front  of  the  tongue,  the  ducts 


551 


Art.  5  THE  DIGESTIVE  SYSTEM  OF  MAN 

of  the  parotid  glands  open  on  the  inner  sides  of  the  cheeks.  The  cells  of 
the  salivary  glands  take  certain  substances  from  the  blood  and  from  them 
manufacture,  in  their  protoplasm,  the  secretion  which  they  pass  out  into 
the  duct. 

In  man  the  esophagus  is  a  long,  almost  straight,  tube  extending 
through  the  neck  and  thorax  to  the  abdomen  which  it  enters  by  piercing 


.he  diaphragm.  During  its  course  through  the  neck  and  thorax  it  runs 
usl  in  front  of  iind  parallel  to  the  vertebral  column.  Normally,  wlien 
botl  is  nf)t  beinif  svv, allowed,  it  is  eollapsed  and  lies,  like  a  flat  tiie, 
;ween  the  vertebral  eolumn  behind  and  the  windpipe  or  trachea  in  Iront. 
\rhc.  stomach  is  a  lari;<-  i.car-shapcci  sac  bent  somewhat  in  the  form  ot  a 
which  lies  just  under  the  diaphragm  on  the  left  side  of  the  peritonea 
ijavity.  I’hc  inner  portion  of  the  J  is  known  as  the  lesser  curvature,  t 
)utcr  portion  as  the  greater  curvature.  However,  the  shape  an  positio 
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of  the  stomach  vary  according  to  the  amount  of  food  it  contains.  Al¬ 
though  often  somewhat  larger  in  people  with  a  “potbelly,”  it  is  usually 
only  partly  responsible  for  the  front  extension  which  is  more  often  due 
to  the  deposition  of  fat  under  the  skin  and  in  the  part  of  the  mesentery 
known  as  the  great  omentum  or  apron.  The  esophagus  opens  into  the 
stomach  on  one  side,  the  side  nearest  the  center  of  the  body.  This  part 
of  the  stomach,  which  is  near  the  heart,  is  called  the  cardiac  portion.  I  he 
lower  part  leading  to  the  pyloric  constriction  is  called  the  pyloric  portion. 

The  duodenum  in  man  is  not  essentially  different  from  that  in  the 
frog.  It  differs  somewhat  in  its  jxjsition  in  the  peritoneal  cavity,  being 
fixed  against  the  posterior  alxlominal  wall,  an  adaptation  to  man’s  erect 
posture.  As  in  the  frog  the  duodenum  receives  the  common  opening  of  the 
bile  and  pancreatic  ducts,  which  join  Just  before  the  opening  is  reached. 
The  rest  of  the  small  intestine  is  rather  arbitrarily  divided  into  jejunum 
and  ileum.  These  latter  parts  are  connected  to  the  dorsal  abdominal 
wall  by  a  large  fan-shaped  mesentery'  which  helps  to  retain  them  in  place 
and  through  which  pass  large  arteries  and  veins  supplying  this  part  of 
the  intestine.  The  small  intestine  has  a  total  length  of  about  20  feet. 

The  ileum  opens  into  the  side  of  the  large  intestine  so  that  there  is  a 
blind  portion  of  the  latter  about  2J4  inches  in  length.  This  blind  portion 
at  the  beginning  of  the  large  intestine  is  called  the  caecum.  In  some 
herbivorous  mammals  the  caecum  reaches  an  enormous  development, 
exceeding  in  volume,  when  filled,  the  whole  of  the  rest  of  the  digestive 
tube.  It  is  quite  large  in  the  rabbit.  Attached  to  the  caecum  is  the  noto¬ 
rious  wormlike  vermiform  appendix,  scat  of  appendicitis.  The  opening 
of  the  ileum  into  the  caecum  is  guarded  by  a  valve  called  the  valve  of  the 
colon  which  prevents  material  from  passing  back  into  the  ileum.  The 
ileum  joins  the  caecum  in  the  lower  part  of  the  peritoneal  cavity  on  the 
right  side  and  it  is  there  that  the  appendix  is  located.  The  portion  of 
the  large  intestine  which  follows,  beginning  at  the  entrance  of  the  ileum, 
is  called  the  colon  or  large  bowel.  The  colon  is  a  large,  relatively  thin- 
walled  tube,  ranging  in  diameter  from  about  23^^  inches  where  it  leaves 
the  caecum  to  roughly  13^  inches  where  it  joins  the  rectum.  Its  length 
is  about  5  feet.  Three  ribbonlike  longitudinal  bands  run  the  length  of 
the  colon  and  seem  to  take  tucks  in  it,  so  that  the  tube  itself  is  sacculated. 
The  colon  forms  an  almost  complete  circle  in  the  abdominal  cavity,  and 
is  divided  into  the  ascending,  transverse,  and  descending  colons.  The 
ascending  colon  extends  upward  on  the  right  side,  the  transverse  colon 
crosses  the  body  in  front  of  the  stomach  just  below  the  liver,  while  the 
descending  colon  passes  down  the  left  side  to  join  the  rectum  in  the 
cavity  of  the  pelvis.  In  its  course  the  colon  makes  several  sharp  turns  or 
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flexures,  including  the  S-shaped,  sigmoid  flexure  where  the  descending 
colon  passes  into  the  pelvic  cavity.  The  rectum  is  a  relatively  but  not 
actually  straight  tube  about  6  inches  in  length  leading  from  the  colon 
to  open  on  the  surface  of  the  body  at  the  anus.  The  anal  aperture  is 
guarded  by  a  sphincter  muscle  which  is  attached  anteriorly  and  poste¬ 
riorly.  The  contraction  of  this  muscle,  which  is  under  control  of  the  will, 
contracts  the  aperture  into  a  narrow  slit. 

The  liver  lies  just  under  the  diaphragm,  mainly  on  the  right  side.  On 
this  side  the  lower  front  margin  reaches  slightly  beyond  the  lowest  rib. 
It  is  a  large  compact  mass,  weighing  about  3  pounds.  The  gall  bladder 
is  a  green  sac  shaped  like  a  much  elongated  pear.  Where  the  stalk  of  the 
pear  would  be  the  gall  bladder  becomes  continuous  with  a  duct,  the 
cystic  duct,  which  carries  the  bile  to  and  from  it.  Into  the  cystic  duct 
open  hepatic  ducts,  bringing  the  bile  from  the  liver  to  the  gall  bladder 
except  when  food  is  being  digested,  when  the  bile  from  both  the  liver 
and  gall  bladder  passes  down  the  common  bile  duct  to  the  duodenum. 

The  pancreas  is  an  elongated  irregular  gland  which  lies  against  the 
posterior  abdominal  wall  near  the  duodenum,  into  which  its  duct  opens 
by  the  same  opening  as  the  bile  duct.  The  pancreas  is  much  smaller 
than  the  liver,  weighing  usually  about  3  ounces.  In  man,  as  in  the  frog, 
the  pancreas  has  no  bladder. 

As  in  the  case  of  the  frog  the  portion  of  the  digestive  tract  in  the  abdom¬ 
inal  cavity  is  attached  to  the  body  wall  by  mesenteries.  Through  these 
mesenteries  branches  of  the  main  blood  vessels  and  nen'cs  pass  to  and 
from  the  digestive  organs.  \\  here'  the  mesentery  is  attached  to  the  greater 
curvature  of  th(*  stomach  it  is  extended  to  form  a  large  thin-walled  sac, 
(he  great  omentum,  which  in  lile  hangs  down  in  Iront  of  the  abdominal 
organs. 


Topical  Outline  of  Chapter  28 
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Questions 


1. 

2. 


I)es(  i  il)e  (h('  month  cav  ity  of  the  Irog. 
(lompaic  (he  mouth  and  nose  ol  .i  man 
in  .1  hog. 


with  tlu'  corresponding  striicUu'C5 
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3.  Make  a  diagram  of  the  p>crmancnt  teeth  in  man  and  show  which  are  repre 
sented  in  the  milk  teeth. 

4.  I>escril>e  the  structure  of  a  tooth. 

5.  Where  arc  the  salivary  glands  located  in  man? 

6.  Where  arc  the  sinuses?  What  do  they  contain?  Where  do  they  open? 

7.  Cxjinparc  the  digestive  tract  of  the  frog  with  that  of  man. 

8.  Make  a  diagram  of  a  cross  section  of  a  frog’s  intestine. 

Suggestions  for  Further  Reading 

Holmes,  Samuel  J.,  T/i^  Biology  oj the  Frog^  The  Macmillan  Company,  New  York. 
1928,  Chaps.  I\’  and  \'II. 

Kimlxrr,  D.  C.,  C.  E.  Gray,  and  C.  E.  Stackpulc,  Textbook  oJ  Anatomy  and  Physiol¬ 
ogy,  The  Macmillan  Company,  New  York,  1935,  Chaps.  XYII,  XIX,  and 
XX. 


CHAPTER  29 


Food  Materials  and  Metabolism 


1.  FOOD  SUBSTANCES 

The  food  of  man  consists  of  the  bodies  of  plants  and  other  animals, 
i.e.,  of  protoplasm,  for  it  is  mostly  the  protoplasmic  part  of  the  animal 
or  plant  rather  than  the  cell  products,  such  as  the  cell  walls  of  plants  or 
the  cartilage  and  bones  of  animals,  which  is  utilized.  Cooking  has  chiefly 
the  effect  of  destroying  the  cell  walls  of  plants  and  the  connective  tissue 
of  animal  flesh  and  thus  making  the  protoplasm  more  accessible  to 
the  digestive  juices. 

The  chemical  composition  of  protoplasm  has  already  been  considered 
at  some  length  in  Chaps.  5  and  6.  d  here  we  found  among  the  inorganic 
constituents  water  and  various  inorganic  salts,  which  were  present  in 
the  form  of  ions,  and  among  the  organic  substances  carbohydrates,  fats, 
and  proteins.  Water  and  a  number  of  inorganic  salts  arc  essential  con- 
uituents  of  a  diet.  The  inorganic  salts  do  not  need  to  be  digested;  being 

FABLE  29:1.  COMPOSiriON  OF  SOME  COMMON  FOODS 

PKR  CKNT 


POOD 

WATKR 

PRorUN 

Meat 

76.7 

20.8 

73.7 

12.6 

klow’d  fTiilk 

87.7 

3.4 

tVhrat  t)rra(l 

3S.6 

7.1 

[V>fator!» 

7S.S 

2.0 

Pniit 

84.0 

0.5 

niOK.STlBLE 

INORGANIC 

FAT 

CARDOHVDRATES 

MATERIAL 

1.5 

0.3 

1.3 

12.1 

1.1 

3.2 

4.8 

0.7 

0.2 

55.5 

1.1 

0.2 

20.6 

1.0 

10.0 

0.5 

lolubh'  they  can  lx*  absorlx’d  directly.  Most  loods  contain  some  oi  all 
jf  the  (liderenl  kinds  of  inorganic  and  organic  materials,  but  in  different 
jroporlions.  An  idea  of  the  composition  of  some  common  foods  can  be 
obtained  from  'ral)l('  2^:1. 

{:.irl)<)hy(lralc.s  and  fats  arc  used  l)y  die  liotly  almost  exclusively  as 
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sources  of  energy.  Proteins  are  essential  to  repair  broken-down  tissue 
and  to  build  new  tissue  but  they  may  also  be  used  as  sources  of  energy. 
\  person  can  exist  on  an  entirely  meat  diet,  as  does  the  Eskimo,  Ixrcausc 
it  contains  all  the  essential  materials,  but  he  will  starve  to  death  on  a 
diet  containing  only  fats  and  carlx)hydrates. 

Only  in  a  few  cases  are  organic  food  materials  absorbed  through  the 
intestinal  wall  in  their  original  form.  Carbohydrates  must  be  changed 
to  monosaccharides  if  not  already  such;  fats  must  lx:  changed  to  fatty 
acids  and  glycerine;  and  proteins  must  lx:  broken  up  into  amino  acids. 
It  thus  comes  alx)ut  that  only  a  few  difTerent  organic  sulxitances  arc 
actually  used.  I  low  these  arc  obtained  is  largely  a  matter  of  convenience, 
taste,  and  the  ability  of  the  digestive  enzymes  to  break  up  the  materials 
in  which  they  occur.  Each  cell  of  the  Ixxly  forms  its  own  kinds  of  proteins 
and  each  protein  has  a  difTerent  amino  acid  content.  I'hcrc  arc  no 
special  brain  foods,  muscle  foods,  etc.,  although  each  of  these  organs  may 
require  difTerent  projxjrtions  of  the  basic  food  substances. 

2.  ACCESSORY  FOOD  SUBSTANCES 

Although  carlx)hydrates,  fats,  and  proteins  provide  the  energy  and 
most  of  the  building  materials  needed  by  the  Ixxly,  they  alone  arc  not 
suflicicnt  to  maintain  the  Ixxly  in  normal  health.  Certain  other  sul>- 
stances  arc  required  although  in  relatively  small  amounts.  These  arc 
called  accessory  food  substances  and  include  a  numlx:r  of  minerals  and 
the  vitamins. 


A.  MINERALS  REQUIRED  BY  THE  BODY 


The  minerals  required  by  the  Ixxly  arc  usually  obtained  cither  with 
the  food  materials  in  the  diet  or  dissolved  in  the  drinking  water.  The 
need  of  the  body  for  any  chemical  clement  and  the  cfTcct  of  deficiency 
in  this  clement  can  be  determined  experimentally  by  feeding  animals 
diets  deficient  or  entirely  lacking  in  the  element  in  question.  From 
such  experiments  the  data  given  in  the  table  have  been  accumulated 
(Table  29:2). 


I 


B.  VITAMINS  ff 


It  has  been  found  that  a  diet  which  contains  all  of  the  food  substances 
mentioned  in  the  previous  sections  is  insufficient,  at  least  in  many  of  the 
higher  animals,  to  produce  normal  growth  and  health.  Certain  sub- 
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TABLE  29:2.  SOME  OF  THE  MORE  COMMON  MINERALS  REQUIRED  BY 
THE  BODY  * 


ELEMENT 

FOR  WHAT  REQLTRED 

EFFECT  OF  DEFICIENCY 

Calcium 

Bones,  teeth,  blood,  nerves,  muscles, 
milk  production,  heart 

Poor  development  of  bones,  rickets, 
dental  deficiency,  excessive  bleed¬ 
ing,  excessive  nervous  irritability 

Phosphorus 

Bones,  teeth,  muscles,  blood,  metab¬ 
olism  of  carbohydrates  and  fats, 
activation  of  enzymes 

Poor  development  of  bones  and 
teeth,  rickets,  retarded  growth 

Magnesium 

Bones,  nerves,  muscles,  heart,  ion 
balance,  enz>mes 

Retarded  growth,  nerv'ousness 

Rapid  or  irregular  heart  beat 

Potassium 

Normal  growth,  muscle  function, 
ion  balance,  osmotic  pressure 

Ner\e  disorders,  irregular  heart 
beat,  poor  muscular  control 

Chlorine 

Regulation  of  osmotic  pressure, 
activation  of  enzymes,  gastric  juice 

Loss  of  body  w'eight,  loss  of  water. 
Digestive  disturbances 

Sodium 

Regulation  of  fjsmotic  pressure 

Loss  of  body  weight,  neiYe  disor¬ 
ders 

Iodine 

Ihyroxinr  scerrtiem  of  thyroid 

gland.  Regulation  of  b;is.d  metab¬ 
olism 

Low  b.'isal  metabolism,  nerv'ous  dis¬ 
turbances,  overweight 

Iron 

I  Innoglobin 

Dccrc.iscd  hemoglobin 

Sulphur 

Iknly  protrin.n 

Retarded  growth 

•  Silicon 

and  fluorine  h.ivc  recently  In-en  shown  to  1 

x*  required. 

tanccs  known  as  vitamins  arr  c- scnli.il  although  required  in  only  very 
mall  ([uantilics.  A  vitamin  i .  .m  c-r^anie  eompound  which  is  required 
r)r  the  lujrmal  tnowth  and  health  ol  an  animal  but  only  in  \eiy  small 
mounts.  Vitamins  do  not  furni:;h  the  energy  lor  chemical  reactions  nor 
lo  they  hirnish  buildine  m. iteri.il  tor  the  cell.  With  the  exception  of 
itamin  I),  and  then  only  .is  reg.irds  the  final  st.ages,  animals  .arc  in 
eneral  un.al)le  to  :;ynthed/e  vitamins  in  their  own  bodies  and  are 
lependent  upon  jilants  f  •!•  them. 

A  vilMinin  is  idmlil.r.  1  l.y  tli<-  <-ir.-(  l  uiiirli  its  ahsciux  from  the  diet 
irodiircs.  Most  vil.miiiis  .ire  m.mtiraclured  l)y  plants  and  come  m 
nimals  in  tlir  plants  uiii.  h  tlu-y  <-at.  Some  vitamins  ran  l)e  formed  in 
he  animal  body.  Sin.  e  vitamin  ;  are  elfeetive  in  exeeedmgly  sma 
[uantities  foi*  souk*  ol  th('m  tlu*  daily  d(is(  lot  .t  lu.ilthy  .idult 
neasnred  in  fraction,  ol  ;i  inillieratn  tlieii  extiaition  in  piiu  loitn 
las  been  atteieled  with  eonsidei  .'.ble  diHienlty.  I.ater  stndiis  i.lM 
reiioeolly  shown  that  wb.it  wa>  . cn  idered  f.  be  a  single  snbstanee  is  m 
■eality  tw.,  or  more  .epar.ite  vitamin..  I  bis  b.is  led  to  tnneb  eoninsion 
n  th('  nom<ai(  lature. 
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TABLE  29:3.  VITAMINS 

NAME  AND  CHEMICAL 
FORMULA 

Vitamin  A 
Antikeratinizing 
Antiophthalmic 
Fat  soluble 
C20H30O 

Vitamin  Bi 

Antineuritic 

Thiamin 

C12H17ON4SCIHCI 
(Now  manufactured 
synthetically) 

Vitamin  B2 
Vitamin  G 
Riboflavin 
C17H20N4O6 

Vitamin  Be 
Pyridoxin 
CsHuOsN 
(Now  manufactured 
synthetically) 

Nicotinic  acid 

Niacin 

C6H5O2N 

(Now  manufactured 
synthetically) 

Pantotheric  acid 
G9HX7O5N 

(Now  manufactured 
synthetically) 

Vitamin  C 
Antiscorbutic 
Ascorbic  acid 
Cevitamic  acid 
CeHgOe 

(Now  manufactured 
synthetically) 

Vitamin  D 
Provitamins  D 
(ergosterol,  C28H50O) 
Vitamin  D 
(calciferol,  C28H44O) 


Vitamin  E 
Tocopherols 
Antisterility 
C29H50O2,  C28H48O2 


SOURCES 

EFFECTS  OF  DEFICIENCY 

Cod-  and  halibut-liver  oils, 
vegetables,  butter,  eggs 

Susceptibility  to  infections  of 
the  epithelial  tissues  of  eyes, 
respiratory  system,  alimen¬ 
tary  canal,  digestive  glands, 
kidneys;  night  blindness 

Yeast,  cereals,  vegetables, 
fruits,  cheese,  kidney,  liver, 
milk 

Beriberi  (nervous  disease) 
with  loss  of  appetite,  loss  of 
weight  and  vigor,  subnormal 
temperature 

Liver,  egg  white,  leafy  vege¬ 
tables,  yeast,  fruits,  milk 

Scaly,  greasy  skin,  dark  in¬ 
flammation  of  the  tongue, 
itching  and  burning  of  eyes 

Yeast,  rice  polishings,  wheat, 
maize,  especially  the  germs. 
Liver  of  mammals 

Dermatitis  in  rats  and  chicks. 
Effects  in  man  are  little 
known  but  the  vitamin  is  i 
assumed  to  be  necessary 

Liver,  adrenal  gland,  yeast, 
wheat 

Pellagra  characterized  by  le¬ 
sions  of  the  mucous  mem¬ 
branes,  e.g.,  mouth,  nose; 
disturbances  of  gastrointesti¬ 
nal  tract.  Mental  disorders 

Liver  and  kidney,  rice  bran, 
molasses 

Causes  symptoms  similar  to 
pellagra  in  chicks.  Human 
effect  unknown,  necessity  not 
proved 

Orange  and  lemon  juice, 
vegetables,  fruits 

Scurvy  (disease  which  affects 
mucous  membranes,  joints, 
and  bones),  decay  of  teeth, 
loss  of  weight,  fatigue 

Cod-liver  oil,  butter,  food 
irradiated  with  ultraviolet 
light 

Rickets,  a  bone  disease  of 
children  in  which  bones  be¬ 
come  soft  and  muscles  weak, 
due  to  low  content  of  calcium 
and  phosphorus.  Defects  of 
teeth 

Wheat  germ  oil,  lettuce, 
alfalfa 

Failure  to  reproduce  in  rats. 
Affects  both  male  and  female. 
Germ  cells  fail  to  develop. 
Human  effects  not  conclu¬ 
sively  proved 
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TABLE  29:3.  VITAMINS  (Continued) 


NAME  AND  CHEMICAL 
FORMULA 


SOURCES 


EFFECTS  OF  DEFICIENCY 


Vitamin  H 
Biotin 

C10H16O3N2S 


Widely  distributed  vegetables, 
grains,  nuts,  liver,  kidney, 
eggs 


Skin  and  mucous  membranes 
dry  up.  Appears  to  be  re¬ 
quired  by  most  animals, 
including  man 


Vitamin  K 
Antihemorrhagic 
Prothrombin  factor 
C31H46O2,  C41H66O2 


Alfalfa,  spinach,  cabbage  Blood-clotting  time  prolonged 


due  to  reduced  prothrombin 
content  of  blood.  Required 
by  animals,  including  man 


VITAMIN  A,  Vitamin  A  is  essential  for  the  maintenance  of  the  epithelial 
tissues  of  the  body,  especially  those  of  the  eyes,  respiratory  system,  ali¬ 
mentary  canal,  digestive  glands,  and  kidney.  In  its  absence  the  skin  be¬ 
comes  scaly,  the  intestine  is  less  able  to  absorb,  the  conjunctiva  and 
cornea  of  the  eye  become  opaque.  It  has  recently  been  established  that 
vitamin  A  is  essential  for  the  formation  of  visual  purple,  its  absence 
causing  night  blindness,  a  condition  in  which  the  person  sees  poorly  at 
night. 

Vitamin  A  is  formed  in  the  animal  body  from  a  yellow  substance  called 
carotene  which  is  especially  abundant  in  the  roots  of  carrots.  Carotene 
is  also  found  in  butter,  egg  yolk,  fish-liver  oils,  and  many  fruit  juices. 
When  absorbed  by  the  cells  of  the  intestine  carotene  is  transformed  into 
vitamin  A. 

The  next  five  vitamins  to  be  discussed,  viz.,  vitamin  Bi,  vitamin  B2, 
vitamin  Be,  nicotinic  acid,  and  pantotheric  acid,  together  with  a  few 
less  well-known  vitamins,  are  sometimes  grouped  together  as  the  ‘‘B 
complex”  vitamins. 

VITAMIN  Bi.  Vitamin  Bi  is  essential  for  the  proper  functioning  of  the 
nervous  system.  Its  deficiency  gives  rise  to  a  disease  called  beriberi,  a 
nervous  disease  characterized  by  extreme  weakness  and  neuritic  pains. 
The  chemical  name  of  vitamin  Bi  is  thiamin.  It  is  manufactured  syn¬ 
thetically  and  sold  under  various  trade  names.  It  occurs  abundantly  in 
yeast  and  seeds.  In  seeds  the  vitamin  is  in  the  embryo  —  a  part  which  is 
usually  removed  from  wheat  and  rice  grains  when  they  are  polished 
—  hence  the  wisdom  of  using  whole  wheat  and  unpolished  rice.  Vitamin 
Bi  is  intimately  concerned  with  carbohydrate  metabolism  and  plays  a 
role  in  the  oxidation  of  carbohydrates  in  tissues. 

VITAMIN  B2,  called  also  riboflavin,  is  apparently  essential  for  all  ani¬ 
mals.  Its  fundamental  action  seems  to  be  to  take  part  in  certain  enzyme 
systems  which  regulate  oxidation  in  cells.  It  is  related  chemically  to  one 
of  these  enzymes,  the  yellow  or  flavin  enzyme.  Riboflavin  also  takes 
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part  in  carbohydrate  metabolism.  This  vitamin  can  be  synthesized  more 
economically  and  more  satisfactorily  than  it  can  be  prepared  from 
natural  sources. 

VITAMIN  Be,  called  also  pyrodoxin,  has  not  been  proved  necessary  for 
human  beings.  Its  effects  have  been  studied  chiefly  on  rats  where  its 
deficiency  causes  definite  symptoms.  It  is  believed  to  be  concerned  with 
the  metabolism  of  fats  and  amino  acids.  The  plant  source  must  be 
cooked  to  ensure  complete  utilization  of  the  vitamin  Be  by  rats. 

NICOTINIC  ACID,  called  also  niacin,  is  the  antipellagra  vitamin.  De¬ 
ficiency  of  this  vitamin  causes  the  condition  know'n  as  pellagra,  character¬ 
ized  by  inflammation  of  the  skin  and  mucous  membranes,  disturbances 
in  the  gastrointestinal  tract,  and  mental  disorders.  Usually  pellagra  is 
due  to  deficiency  in  a  number  of  vitamins  and  the  condition  can  be 
corrected  only  by  the  administration  of  several  or  all  of  the  vitamins  of 
the  B  complex.  Nicotinic  acid  appears  to  function  mainly  as  a  part  of 
enzyme  systems  which  take  part  in  protein  and  carbohydrate  metabo¬ 
lism  by  transporting  hydrogen. 

PANTOTHERIC  ACID  deficiency  causes  symptoms  similar  to  pellagra  in 
chicks.  Its  effect  on  human  beings  is  unknown  but  it  is  thought  that  it  is 
probably  required  by  all  living  matter. 

VITAMIN  C.  Absence  of  this  vitamin  from  a  diet  causes  scurvy,  a  disease 
familiar  to  sailors  in  the  days  of  sailing  ships  when  for  long  periods  at 
sea  they  had  no  fresh  food.  Scurvy  affects  particularly  the  mucous  mem¬ 
branes,  causing  them  to  swell  and  bleed.  The  vitamin  occurs  in  oranges 
and  other  citrous  fruits  and  certain  vegetables. 

VITAMIN  D^  occurs  only  in  animals  although  plants  contain  the  ma¬ 
terials,  called  provitamins,  from  which  the  vitamin  is  formed.  The  best 
known  of  the  provitamins  is  called  ergosterol.  When  ergosterol  is  ex¬ 
posed  to  ultraviolet  light,  as  occurs  in  the  human  skin  when  in  the  sun, 
the  ergosterol  is  changed  to  calciferol  which  is  a  form  of  vitamin  D. 

VITAMIN  has  been  called  the  reproductive  vitamin  because  it 
appears  to  be  necessary  for  reproduction  although  this  has  not  been 
proved  specifically  for  man. 

VITAMIN  H,  called  also  biotin,  occurs  in  all  higher  animals  and  in 
plants.  Its  physiological  action  is  not  clearly  understood. 

VITAMIN  K  is  necessary  for  the  maintenance  of  the  capacity  of  the 
blood  to  coagulate.  It  is  believed  that  vitamin  K  stimulates  the  produc- 


1  Some  five  different  “vitamins  D”  have  been  distinguished,  but  this  phase  of  the  subject 
will  not  be  elaborated  on  here. 

2  Three  different  “vitamins  E”  have  been  distinguished  corresponding  to  the  three  different 
forms  of  tocopherol. 
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tion  of  prothrombin,  a  substance  necessary  for  coagulation.  It  appears 
that  normally  this  vitamin  is  formed  by  bacterial  action  in  the  intestines. 
It  is  absorbed  only  in  the  presence  of  bile. 

Of  considerable  interest  regarding  some  vitamins  is  their  chemical 
relation  to  enzymes,  e.g.,  riboflavin  (vitamin  B2)  to  the  yellow  respiratory 
enzyme  and  others  to  hormones,  e.g.,  calciferol  (vitamin  D)  to  the  sex 
hormones. 

3.  DIGESTION 

CHANGES  UNDERGONE  BY  THE  FOOD  IN  THE  MOUTH.  Since  the 
frog  swallows  its  prey  whole  and  has  no  true  salivary  glands  its  food  under¬ 
goes  no  change  until  it  reaches  the  stomach.  In  man,  however,  important 
steps  in  the  process  of  digestion  take  place  in  the  mouth.  In  mastication 
the  teeth  cut  and  grind  the  solid  materials,  mixing  them  with  the  saliva 
into  a  more  or  less  pasty  mass.  Besides  large  quantities  of  water,  mucus, 
which  acts  as  a  lubricant,  and  certain  salts,  which  render  its  reaction 
alkaline,  the  saliva  contains  two  enzymes,  ptyalin  and  maltase,  which 
act  to  change  the  large  molecules  of  starch  into  the  simple  molecules  of 
the  sugars,  maltose  and  glucose.  This  involves  the  taking  up  of  water. 
The  starch  molecule  has  been  given  the  general  formula  (CeHioOs)^, 
where  n  is  a.  large  number.  By  the  action  of  ptyalin  and  the  addition 
of  water  it  is  changed  to  maltose,  which  has  the  molecular  formula 
C12H22O11.  Some  of  the  maltose  may  then  change  to  glucose  by  the  ac¬ 
tion  of  the  enzyme  maltase  and  the  further  addition  of  water.  It  will  be 
noticed  that  the  process  of  digestion  of  the  starch  molecule  involves 
successive  additions  of  water  molecules  to  it.  The  chemical  term  for  this 
is  hydrolysis.  Hydrolysis  is  characteristic  of  the  digestion  of  many  kinds 
of  food  substances.  The  enzymes  of  the  saliva  are  active  only  in  an 
alkaline  medium  such  as  the  saliva  usually  is. 

In  the  act  of  swallowing  the  food  is  collected  together  in  a  mass, 
called  a  bolus,  on  the  upper  surface  of  the  tongue  and  pressed  backward 
into  the  pharynx,  the  walls  of  which  then  relax  and  contract  forcing  it 
into  the  esophagus.  During  the  passage  of  food  into  the  esophagus  the 
epiglottis  is  folded  down  closing  the  glottis,  and  the  soft  palate  is  moved 
upward  closing  the  internal  nares.  The  passage  of  the  food  down  the 
esophagus  to  the  stomach  is  involuntary  and  due  to  peristalsis.  Peristalsis 
may  occur  anywhere  along  the  length  of  the  digestive  tube.  In  peristalsis 
the  circular  muscle  fibers  of  a  short  section  of  the  tube,  which  are  ordi¬ 
narily  in  a  state  of  partial  (tonic)  contraction,  relax,  forming  a  ringlike 
bulge  into  which  the  food  materials  pass.  The  relaxation  lasts  only  for  a 
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short  time  and  is  followed  by  a  contraction  beginning  at  the  upper  por¬ 
tion  of  the  bulge,  i.e.,  the  portion  nearest  the  mouth.  As  this  contraction 
develops,  the  portion  of  the  tube  immediately  below  begins  to  relax  and 
the  food  materials  are  forced  on  into  it.  Thus  rings  of  contraction  pass 
down  the  tube,  preceded  by  rings  of  relaxation,  and  force  the  contents 
gradually  toward  the  anus. 

CHANGES  UNDERGONE  BY  THE  FOOD  IN  THE  STOMACH.  After  a 
meal,  in  a  frog  or  a  man  the  food  collects  in  the  stomach.  The  gastric 
juice  contains  about  0.5  per  cent  hydrochloric  acid.  The  presence  of  this 
acid  in  the  stomach  tends  to  stop  the  action  of  the  saliva.  However,  as  the 
food  is  swallowed,  it  becomes  arranged  so  that  the  part  eaten  last  occu¬ 
pies  the  central  portion  of  the  bolus.  As  the  gastric  juice  is  secreted  in  the 
wall  of  the  stomach  it  acts  upon  the  peripheral  portion  first  and  pene¬ 
trates  only  gradually  into  the  mass  of  food,  so  that  the  salivary  enzymes 
are  able  to  continue  their  activity  for  a  time.  The  gastric  glands  in  the 
wall  of  the  stomach  are  stimulated  to  secrete  the  gastric  juice  by  nerve 
impulses  which  have  their  origin  in  the  brain  and  result  from  the  sensa¬ 
tions  of  eating,  and  by  chemical  substances  contained  in  the  food.  The 
gastric  juice  contains  two  enzymes,  pepsin  and  rennin.  Pepsin  digests 
proteins  to  peptones  in  an  acid  medium.  Peptones  are  stages  in  the 
hydrolysis  of  proteins.  They  are  not  absorbed  in  the  stomach  but  require 
further  digestion  in  the  small  intestine.  Rennin  acts  on  the  soluble  pro¬ 
tein  of  milk  and  makes  it  clot  to  form  a  curd,  as  in  ‘‘curds  and  whey.” 
The  curd  must  be  further  digested  either  by  pepsin  or  in  the  small  intes¬ 
tine.  As  digestion  proceeds  in  the  stomach  the  food  mass  becomes  con¬ 
verted  into  a  liquid  called  chyme.  There  is  little  or  no  absorption  of 
digested  food  in  the  stomach.  The  chyme  is  passed  gradually  through 
the  pyloric  valve  to  the  small  intestine. 

CHANGES  UNDERGONE  BY  THE  FOOD  IN  THE  SMALL  INTESTINE. 
The  pancreas  is  stimulated  to  secrete  the  pancreatic  juice  by  a  sub¬ 
stance  called  secretin.  Secretin  originates  in  the  mucous  membrane  of  the 
duodenum  as  a  substance  called  prosecretin.  The  acid  chyme  when  it 
enters  the  duodenum  changes  the  prosecretin  to  secretin,  which  latter  is 
absorbed  through  the  walls  of  the  intestine  into  the  blood  stream  and 
carried  to  the  pancreas  where  it  exercises  its  stimulating  effect.  Secretin 
belongs  to  a  class  of  substances  called  hormones,  which  are  formed  in 
one  part  of  the  body  and  carried  in  the  blood  stream  to  another  part  of 
the  body  which  they  stimulate  to  activity. 

The  pancreatic  juice  contains  three  powerful  enzymes:  trypsin, 
amylopsin  or  pancreatic  diastase,  and  steapsin  or  pancreatic  lipase.  It 
has  an  alkaline  reaction.  Trypsin  like  pepsin  produces  hydrolysis  of 
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proteins,  but  it  is  able  to  cany  the  hydrolysis  further  and  reduce  them 
to  their  constituent  amino  acids.  The  pancreatic  diastase,  like  ptyalin, 
produces  the  first  stages  of  the  hydrolysis  of  starch,  forming  maltose. 
The  pancreatic  lipase  with  the  aid  of  the  emulsifying  action  of  the  bile 
produces  the  hydrolysis  of  fats  to  fatty  acids  and  glycerin. 

The  bile  is  secreted  continuously  by  the  liver  and  stored  in  the  gall 
bladder.  The  mechanism  by  which  it  is  released  into  the  duodenum  is 
somewhat  similar  to  the  mechanism  by  which  the  pancreatic  juice  is 
released  from  the  pancreas.  When  fats  or  acids  are  in  the  intestine  a 
hormone  called  cholecystokinin  (Gr.  chole,  bile  +  cystis,  bladder  + 
kinein,  to  move)  is  passed  from  cells  in  the  intestinal  wall  into  the  blood. 
The  hormone  is  carried  in  the  blood  stream  and  reaches  the  gall  bladder, 
the  smooth  muscles  of  which  it  stimulates,  causing  the  expulsion  of  the 
bile.  The  bile  is  a  thiek,  greenish,  alkaline  fluid,  containing  water,  in¬ 
organic  salts,  and  a  number  of  organie  substances,  including  bile  salts 
and  waste  pigments  which  result  from  the  absorption  of  broken-down 
red  blood  corpuscles  by  the  liver,  but  no  enzymes.  Its  digestive  action, 
which  is  due  to  the  bile  salts,  seems  to  be  to  emulsify  fats,  i.e.,  break 
them  up  into  exceedingly  fine  droplets,  and  to  activate  the  fat-digesting 
enzyme  of  the  pancreas,  lipase. 

An  important  digestive  juice  is  secreted  by  cells  in  the  wall  of  the 
small  intestine.  It  is  called  the  intestinal  juice  and  contains  an  enzyme 
called  erepsin  which  hydrolyzes  peptones  to  amino  acids  and  thus  con¬ 
tinues  the  work  of  pepsin  and  trypsin.  It  also  contains  enzymes  acting  on 
carbohydrates  including  maltase  which  completes  the  work  of  the  pan¬ 
creatic  diastase. 


TABLE  29:4.  ENZYME  ACTIVITIES  IN  DIGESTIVE  TRACT 


SUBSTANCE 

SUBSTANCES 

WHERE  PRODUCED 

ENZYME 

ACTED  ON 

RESULT  OF  ACTION 

ABSORBED 

Salivary  glands 

Ptyalin 

Maltase 

Starch 

Maltose 

Maltose 

(ilucosc 

Glucose 

Mucosa  of  stomach 

Pepsin 

Rennin 

I'roteins 

Proteins  of  milk 

Peptones 

Coagulation 

Pancreas 

'Trypsin 

Proteins 

Peptones 

Amino  acids 

Amino  acids 

Diastase 

Starch 

Maltose 

Eij)ase 

Fats 

Fatty  acids 
Glycerin 

Fatty  acids 
Glycerin 

Intestine 

I'acjisin 

Maltas<* 

Sucrase 

1  -aclase 

Peptones 

Maltose 

Cane  sugar 

Milk  sugar 

Amino  acids 
Glucose 

Monosaccharides 

Monosaccharides 

Amino  acids 
Glucose 

Monosaccharide 

Monosaccharide 
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CHANGES  UNDERGONE  BY  THE  FOOD  IN  THE  LARGE  INTESTINE. 
llie  walls  of  the  large  intestine  secrete  mucus  but  no  enzymes.  What 
digestion  occurs  in  the  large  intestine  is  due  to  the  continued  activity  of 
the  enzymes  which  pass  into  it  from  the  small  intestine  with  unabsorbed 
material.  The  large  intestine  always  contains  large  numbers  of  bacteria 
which  cause  the  fermentation  of  food  materials  which  may  have,  until 
now,  escaped  digestion.  The  material  passed  out  in  the  feces  consists  of 
undigested  parts  of  the  food,  large  numbers  of  bacteria  and  the  products 
of  their  activity,  bile,  and  enzymes. 


4.  THE  RATE  OF  MOVEMENT  OF  AAATERIALS  THROUGH  THE 
ALIMENTARY  CANAL 


The  passage  of  materials  through  the  alimentar)^  canal  can  be  ob¬ 
served  when  the  subject  is  given  a  “meal”  containing  a  barium  salt  and 
X-ray  pictures  are  taken  at  intervals  (Fig.  29:1).  Barium  being  one  of 


A 

Immediately  after 
swallowing  meal. 
The  barium  is  in  the 
stomach. 


B 

Four  hours  after  in¬ 
take  of  meal.  The 
barium  is  in  the 
small  intestine. 


c 

Twelve  hours  after 
intake  of  meal.  The 
barium  is  in  the 
colon. 


D 

Thirty-two  hours 
after  intake  of  meal. 
The  barium  is  in  the 
descending  and  sig¬ 
moid  colon. 


Fig.  29:1  Diagrams  showing  the  progress  of  a  barium  “meal”  through  the  digestive 
tract  as  indicated  by  X-ray  photographs  taken  at  intervals.  Barium  is  opaque  to  X  rays 
and  appears  black  in  the  X-ray  shadow  photographs.  After  a  meal  the  upper  or  cardiac 
portion  of  the  stomach  usually  contains  some  gas  indicated  here  by  the  clear  area. 


the  heavier  elements  is  relatively  opaque  to  X  rays  and  casts  a  black 
shadow.  Food  after  it  is  swallowed  passes  rapidly  through  the  esophagus 
to  the  stomach  (Fig.  29:1  A).  There  it  may  remain  for  3  or  more  hours, 
depending  on  the  meal.  At  the  end  of  this  time  most  of  the  meal  passes 
gradually  into  the  small  intestine  (Fig.  29:1  B).  Twelve  hours  after  the 
meal  was  swallowed,  the  undigested  portion  is  practically  all  in  the  large 
intestine  (Fig.  29:1  C).  Here  a  considerable  proportion  of  the  water  is  ab¬ 
sorbed  and  thirty-two  hours  after  the  meal  was  taken  a  considerable  part 
of  the  undigested  portion  may  be  in  the  sigmoid  colon  ready  for  evacua- 
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tion  through  the  rectum  (Fig.  29:1  D).  In  the  above  account  the  times 
given  are  those  of  an  average  individual.  Actually  the  time  spent  by  the 
food  materials  in  the  different  parts  of  the  digestive  tract  varies  greatly 
from  individual  to  individual. 


Vein 


Lacfeal 


capillary 


Artery 


5.  ABSORPTION 

While  the  materials  taken  in  the  diet  may  be  various  the  end  products 
of  digestion  are  practically  always  the  same  substances,  although  in 
varied  amounts.  All  carbohydrates  are 
reduced  to  simple  sugars,  most  abun¬ 
dant  of  which  is  glucose.  All  fats  are  re¬ 
duced  to  glycerin  and  fatty  acids,  there 
being  but  three  common  fatty  acids.  To 
be  absorbed  proteins  must  be  split  into 
their  constituent  amino  acids,  there  be¬ 
ing  about  twenty  common  amino  acids. 

The  materials  absorbed  through  the 
walls  of  the  alimentary  tube  consist, 
therefore,  largely  of  water,  inorganic 
salts,  glucose,  glycerin,  fatty  acids,  amino 
acids,  and  vitamins. 

Absorption  takes  place  mainly  in  the 
small  intestine,  the  absorbing  surface  of 
which  is  greatly  increased  by  the  presence 
of  numerous  microsr()j:)ic  lingerlike  pro¬ 
jections  called  villi  M’ig.  29:2).  Each 
villus  is  covered  with  a  layer  of  epithelial 
cells  and  contains  a  network  ol  cap¬ 
illaries  surrounding  a  c<'ntral  lymphatic 
vess('l  called  a  lacteal,  (ducosc*  and 
amino  acids  pass  through  th(‘  (‘pitlu'lial 
cells  and  into  the  ('apill;iri('S  to  be  car- 

ri('d  in  th(‘  blood  stream,  h’atty  ac'ids  and  glycerin  alter  being  absoibcd 
an*  resynthesized  into  fats  by  the  epitlu'lial  c('lls  ol  the  villi  and  pass 
into  lh(‘  lacteals;  with  the  lymph  the  fats  are  eventually  carried  into  the 
blood  stream.  \V,it(T  is  al»sorl)(‘d  chielly  in  the  laige  intestine. 

6.  DISTRIBUTION  OF  NUTRIENT  MATERIALS  IN  THE  BODY 

In  the  blood  stream  th('  absorbed  sul.stances  are  distributed  to  the 
different  i>arls  of  the  body.  TTie  veins  which  carry  the  blood  Irom  the 


Vein 

Lacteal  _ 

Artery 

Fig.  29:2  Diagram  of  a  section 
lliroiigli  a  villus.  \"cry  highly  mag¬ 
nified.  d'he  lacteal  is  shown  in  solid 
black.  After  Peabody  and  Hunt  from 
1 ,.  L.  W'oodrulf,  Foundations  of  Biology, 
'rh(‘  Macmillan  Company. 
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intestine  go  first  to  the  liver.  'Yhcrc  much  of  the  sugar  is  taken  out  of  the 
blood  and  stored  as  glycogen  or  animal  starch,  for  the  liver  is  the  great 
storehouse  of  carbohydrates  in  the  body.  Some  of  the  sugar,  however, 
passes  on  to  be  taken  up  by  the  muscles,  where  it  may  also  be  stored  as 
glycogen,  or  to  other  parts  of  the  body.  7'he  fats  are  stored  in  different 
parts  of  the  body  in  the  cells  of  adipose  tissue  or  what  is  commonly  called 
“fat.”  The  amino  acids  become  generally  distributed  in  the  body  and 
are  used  to  build  new  proteins. 


7.  GENERAL  METABOLISM 

The  term  metabolism  is  applied  in  a  general  sense  to  all  the  chemical 
and  energy  changes  which  occur  in  the  body.  In  a  more  restricted  sense 
it  is  applied  to  particular  substances,  especially  food  substances,  and 
refers  to  all  the  chemical  and  physical  changes  which  these  substances 
or  their  products  undergo  while  in  the  body.  Two  phases  of  metabolism 
are  distinguished:  anabolism,  the  building  up  of  materials,  and  katab- 
olism,  their  breakdown.  During  growth  anabolism  exceeds  katabolism. 
After  growth  has  ceased  and  during  normal  adult  life  the  two  phases 
balance  and  there  is  equilibrium.  In  many  diseases  and  in  old  age  katab¬ 
olism  predominates.  Anabolism  requires  energy.  This  energy  and  all 
of  the  energy  required  to  carr\'  on  the  various  vital  processes  and  activi¬ 
ties  of  the  body  is  supplied  by  katabolism. 

A.  CARBOHYDRATE  METABOLISM 

Carbohydrates  such  as  starch  and  the  disaccharides  must  be  split  up 
into  monosaccharides,  the  most  important  of  which  is  glucose,  before 
they  can  be  absorbed  through  the  wall  of  the  intestine.  The  monosac¬ 
charides  are  absorbed  directly  into  the  capillaries  of  the  intestine.  A 
special  series  of  veins,  comprising  the  hepatic  portal  system,  carries  the 
blood  from  the  capillaries  of  the  intestine  to  capillaries  in  the  liver 
(Fig.  29:3).  In  the  liver  all  of  the  sugar,  except  the  small  amount  which 
is  normally  present  in  the  blood,  about  0.15  per  cent,  passes  into  the 
liver  cells  and  is  there  transformed  into  glycogen,  a  carbohydrate  simi¬ 
lar  to  starch  and  having  the  same  chemical  formula.  The  glycogen  is 
stored  in  the  liver  and  changed  back  into  sugar  when  it  is  needed  to 
maintain  the  normal  sugar  content  of  the  blood.  Glycogen  is  formed  and 
stored  in  this  way  also  in  the  muscles.  In  other  tissues  sugar  may  be 
taken  from  the  blood  and  synthesized  into  fats  to  be  stored  for  future 
use  in  this  form.  The  oxidation  of  sugar  in  the  cells  of  the  body  is  one  of 


Arf.  7  GENERAL  METABOLISM 


567 


the  main  sources  of  energy  for  their  vital  activities.  When  oxidized  in 
the  tissues  sugar  forms  carbon  dioxide  and  water.  The  carbon  dioxide 
is  eliminated  chiefly  through  the  lungs,  while  water  is  passed  out  of  the 
body  in  the  form  of  urine,  perspiration,  and  the  moisture  in  the  breath. 

Carbohydrate  metabolism  is  closely  linked  to  muscular  activity  al¬ 
though  carbohydrates  do  not  take  part  in  the  actual  mechanism  of 
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Fig.  29:3  Diagram  showing  carhohydratc  metabolism,  .\ctive  tissue  is  indicated  by 
striated  muscle  but  glandular,  nervous,  or  any  growing  tissue  would  serve  equally  well. 

corUraction.  A  resting  nuiscle  contains  phosphocreatine,  a  compound 
containing  phosplioric  acid  and  crt'atinc,  the  latter  being  an  organic 
compound  rtdaled  in  stru('tur(‘  to  glycint*.  I  he  contraction  ol  the  muscle 
apj)ears  to  b(‘  caused  by  tlu*  brt'akdown  ol  the  phosphocicatine  into 
stKliuin  j)liosphale  and  ert'atine.  No  oxygen  is  rec|uircd  lor  this  leaction 
but  it  nt'verl heless  j)ro\ides  tlu*  (MKMgy  lor  the  contraction.  Anothei 
reaction,  or  rather  series  ol  reactions,  lollows  rapidly  and  rcstoics  the 
miiscl(‘  to  its  resting  condition.  ( llycogtm  brt'aks  down  and  toiins  lactic 
acid,  (  hi  Ir.O.i.  I'arl  of  lh(‘  lactic  acid  is  oxidi/.ed  to  carbon  dioxide  and 
water,  dhe  energy  yielded  by  this  lat(‘r  nmetion  serves  to  eonvert  the 
remainder  of  the  laetic  acid  back  to  glycog(Mi  and  to  resynthesize 
phosphocreatine.  d'h<*  glycogen  used  up,  i.e.,  that  rejarsented  by  the 
portion  of  the  lactic  a(  id  whi<  h  is  oxidized,  is  replaced  by  glycogen 
lormed  li'om  sugar  taken  Iroin  tlu'  blood. 
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The  transformation  of  glycogen  in  the  muscle  and  the  liver  and  the 
consequent  release  of  chemical  energy  is  controlled  by  a  hormone  called 
insulin,  secreted  by  certain  cells  in  the  pancreas  and  carried  in  the  blood. 
The  cells  which  secrete  insulin  arc  grouped  in  little  masses  called  the 
islands  of  Langerhans  in  the  pancreas.  The  pancreas  thus  has  two 
functions,  that  of  secreting  the  pancreatic  juice  which  passes  to  the  in¬ 
testine  by  the  pancreatic  duct,  and  the  internal  secretion  of  the  hormone 
insulin  into  the  blood.  In  certain  forms  of  diabetes  the  cells  in  the  pan¬ 
creas  which  secrete  insulin  become  diseased  and  fail  to  produce  sufficient 
insulin  with  the  result  that  the  body  is  less  able  to  utilize  and  store  sugar. 
The  excess  sugar  then  appears  in  the  blood  and  the  urine. 


B.  FAT  METABOLISM 


Fats,  after  digestion  into  fatty  acids  and  glycerol,  arc  absorbed  by  the 
epithelial  cells  of  the  intestine  and  are  there  synthesized  into  fats  which 
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pass  into  lacteals  in  the  villi.  The  digestion  and  resynthesis  are  necessary 
because  the  plasma  membrane  is  impermeable  to  most  fats  as  such  and 
because  each  animal  requires  its  own  kind  of  fat.  From  the  lacteals  the 
fats  pass  in  the  lymphatic  system  to  the  thoracic  duct  and  from  it  into 
the  arterial  blood  stream.  In  the  fatty  tissues  the  fats  pass  out  of  the  blood 
stream  into  fat  cells  where  they  form  globules  of  fat.  When  needed  to 
provide  energy,  the  fats  are  first  hydrolyzed  into  glycerol  and  fatty 
acids.  The  fatty  acids  are  then  oxidized,  forming  carbon  dioxide  and 
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water,  which  are  eliminated  in  the  same  way  as  the  waste  products  of 
carbohydrate  metabolism  (Fig.  29:4). 

Besides  being  a  source  of  energy,  the  fat  in  the  body  performs  two  other 
functions.  On  account  of  its  being  a  poor  conductor  of  heat,  when  spread 
in  a  layer  under  the  skin,  as  it  often  is,  it  helps  to  keep  the  body  warm. 
In  certain  parts  of  the  body  it  forms  cushions  to  protect  organs  or  parts 
of  the  body  as  seen  in  the  case  of  the  soles  of  the  feet  and  in  the  eye  socket. 


C.  PROTEIN  METABOLISM 


Proteins  are  absorbed  as  amino  acids.  The  amino  acids  serve  two 
functions  in  the  body.  In  the  first  of  these  they  may  be  recombined  to 
form  proteins  to  replace  proteins  which  have  been  broken  down  or  to 
provide  proteins  required  for  the  growth  of  cells.  This  is  the  anabolic 
phase.  It  seems  a  very  roundabout  method  for  the  body  to  have  to  digest 
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Fig.  29:5  Diagram  showing  protein  inetaholisni. 
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proteins  into  nniino  acids  and  (Ikmi  lor  llu'  laltt'r  to  be  recombined  again 
into  prot(‘ins  in  tlu'  body.  'I  Ik*  ('X|)lanation  is  (o  be  found  in  the  nature 
of  the  plasma  membrane  and  th(‘  j)rotoi)lasm  ol  the  cell.  T.  he  plasma 
membrane  is  im|)erm('al )1(‘  to  nearly  all  prott'ins.  When  discussing  the 
e.hemieal  composition  ol  protoplasm  it  was  stated  that  each  species  of 
organism  has  its  own  s|)eeilie  prott'ins  dilh'rtmt  from  those  of  other  organ¬ 
isms  and  th.it  these  proteins  are  lormt'd  l)y  dilh'rent  combinations  of 
some  twenty  dillt'rent  kinds  ol  .imino  ac'ids.  J  hiis  one  animal  cannot 
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use  directly  the  proteins  of  another  animal  or  plant,  but  must  first 
break  them  up  into  their  amino  acids  and  then  select  from  these  the 
kind  and  quantities  required  to  build  its  own  proteins. 

When  proteins  are  broken  down  in  the  tissues  they  yield  amino  acids 
(Fig.  29:5).  Also  not  all  of  the  amino  acids  absorbed  into  the  blood  arc 
built  up  into  proteins.  These  amino  acids,  e.g.,  those  which  result  from 
protein  katabolism  and  those  which  arc  not  used  for  protein  synthesis, 
arc  decomposed.  This  dccomp>osition  is  outlined  under  proteins  in 
Chap.  6.  It  includes  deaminization  (sec  Chap.  6),  in  which  the  amino 
acid  molecule  is  split  into  ammonia  and  a  simpler  organic  acid,  and 
decarboxylization,  in  which  the  carboxyl  group  is  split  and  a  molecule 
of  carbon  dioxide  is  formed.  The  remainder  of  the  molecule  may  now 
become  oxidized  to  carbon  dioxide  and  water,  yielding  energy'. 

The  ammonia  formed  by  the  deaminization  of  the  amino  acids  is  a 
highly  toxic  substance.  It  is  excreted  from  the  lx)dy,  mainly  in  the  form 
of  urea,  (NH2)2CO,  which  is  comparatively  harmless.  It  is  believed  that 
the  following  series  of  reactions  occur  in  the  formation  of  urea  from 
ammonia:  the  ammonia  unites  with  water  to  form  ammonium  hydrox¬ 
ide,  NH4OM;  this  reacts  with  carlxDnic  acid  to  form  ammonium  car¬ 
bonate  : 

2XH40n  -h  HoClO, - (XHOoCOj  -f  2H2O 

The  ammonium  carbonate  (XH4)2C03  then  loses  two  molecules  of  water 
to  become  urea.  Urea  is  formed  in  the  liver.  This  is  shown  by  the  facts 
that  when  amino  acids  are  circulated  through  the  liver  the  urea  content 
of  the  blood  increases  and  that  when  the  liver  is  removed  urea  is  not 
formed. 

Most  of  the  nitrogen  which  enters  the  animal  body  enters  it  as  amino 
acid  and  leaves  it  as  urea.  The  energy  made  available  results  chiefly 
from  the  oxidation  of  the  amino  acids.  One*  gram  of  protein  when  di¬ 
gested,  absorbed,  and  oxidized  in  the  body  yields  approximately  4.1 
kilocalories. 

8.  ENERGY  CHANGES  IN  THE  BODY 

The  frog  is  described  as  cold  blooded.  This  does  not  really  mean 
that  its  blood  is  always  at  a  low  temperature  but  that  the  temperature 
of  its  blood  and  therefore  of  its  body  is  never  more  than  one  or  two 
degrees  above  that  of  the  environment  and  varies  with  the  temperature 
of  the  environment.  As  the  cold  weather  comes  and  winter  approaches, 
frogs  take  to  the  water  and  burrow  into  the  moist  mud  at  the  bottom  of 
ponds  below  the  frost  line.  Here  they  hibernate  through  the  winter. 
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While  hibernating  the  frog  takes  no  food,  being  dependent  during  this 
time  on  the  energy  stored  in  its  body  as  fat  and  glycogen.  All  activities 
are  suspended  except  those  necessary  to  maintain  life,  such  as  the  beating 
of  the  heart.  Its  metabolism  is  much  reduced,  little  oxygen  is  required, 
and  respiration  takes  place  entirely  through  the  skin. 

Man,  on  the  other  hand,  is  a  warm-blooded  animal,  which  really 
means  that  his  body  temperature  remains  constant  and  independent  of 
the  temperature  of  his  environment.  The  normal  temperature  of  the 
human  body  is  approximately  98.6°  F  or  about  37°  C.  Most  chemical 
reactions  go  on  more  rapidly  the  higher  the  temperature,  and  this  is 
true  of  most  of  the  chemical  reactions  which  go  on  within  the  body  and 
constitute  metabolism.  Thus  the  metabolism  of  warm-blooded  animals, 
like  mammals  and  birds,  is,  in  temperate  climates  at  least,  more  rapid 
than  in  cold-blooded  animals,  and  warm-blooded  animals  are  more 
active. 

To  maintain  the  body  temperature  of  an  organism  above  that  of  its 
surroundings  requires  energy.  Thus  the  encrg>^  which  enters  the  body 
of  an  animal,  locked  in  the  chemical  compounds  which  it  absorbs  and 
assimilates,  is  utilized  in  two  ways:  to  maintain  its  body  temperature 
and  to  carry  on  its  various  activities.  In  the  frog  the  amount  of  energy 
which  goes  to  maintain  its  body  temperature  is  small,  while  in  man  the 
amount  is  relatively  large.  I  he  human  body,  or  that  of  any  animal  for 
that  matter,  may  be  looked  uj)on  as  a  machine  which  docs  a  certain 
amount  of  work  as  a  result  of  being  supplied  with  a  certain  amount  of 
fuel  in  the  form  of  carbohydrates,  fats,  and  proteins.  The  energy’  to  do  the 
work  comes  from  the  oxidation,  or  burning,  ol  these  materials  in  the  body. 

ddie  amount  of  energy  which  1  gram  of  one  of  these  substances  yields 
when  oxidized  or  burned  can  be  det(‘rmined  in  an  apparatus  called  a 
calorimeter  (caloric*  measure*),  whic'h  absorbs  and  measures  the  heat 
g(*n(*rat(*d.  It  is  as  a  n*sult  of  d('t(*rmina(ions  in  an  apparatus  of  this  kind 
that  it  is  known  that  1  gram  of  carbohydrate*  yie*lds  4.1  calories,  1  gram 
e)f  prote-in  apj)re)ximate*ly  the*  same*  amount,  and  1  gram  of  fat,  9.3 calories. 
The*  cale)rie*  he*re*  re*fe*rre*el  to  is  the*  large*  ('ale)rie'  or  kilocaloiie  which  is 


e‘e|ual  to  the*  ame)unt  of  he*at  ne*ce*ssary  te)  raise  1  kilogram  of  w'atei 
fre)m  1  5°  C !  te)  16°  C!.  l're)m  his  fe)e)(l  it  is  i)e)ssil)le  to  determine  the  total 
numl )e*r  e)f  ('ale)rie*s  whie'h  a  man  take's  inte)  his  body  in  a  da)  oi  a  week. 
If  the*  body  is  a  machine*  as  far  as  the*  e'nergy  transfe^rmatmns  in  it  are* 
ce)n(*e*rue*(l,  it  e)ught  te)  be*  pe)ssible*,  if  the*re*  is  no  incre'ase  in  the  body 
weight  during  the*  time*  e)f  the*  e*xi)e*rime*nt,  i.e*.,  if  tlu're*  is  ne)  ene'rgy 
ste)re*el  in  the*  body,  te)  ace'ount  for  the*  cale)rie*s  taken  inte)  it,  in  we)ik 


ae  e'omplishe*eI. 
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Such  experiments  have  been  carried  out  on  ilie  liuinan  subject.  Large 
calorimeters  have  been  built  in  which  men  have  lived  lor  weeks,  the 
amount  of  energy  supplied  to  them  as  food  carefully  measured,  and  the 
amount  of  energy  given  off  in  the  form  of  lx)dy  heat  and  work  also 
measured.  One  method  of  measuring  the  amount  of  work  done  is  to 
have  the  man  ride  a  stationary-  bicycle,  the  back  wheel  working  against 
a  brake.  I  rom  the  number  of  rev'olutions  of  the  wheel  and  the  force  on 
the  brake  the  amount  of  work  done  can  Ix!  calculated.  I  he  results  of 
many  such  experiments  carefully  |x*rformed  with  more  or  less  elaborate 
apparatus  have  shown  that,  in  res|x'ct  to  the  energy-  transformations 
within  it,  the  human  Ixxly  d(x*s  Ix-have  like  a  machine. 

Of  considerable  interest  is  the  amount  of  energy-  needed  just  to  main- 


Fig.  29:6  An  apparatus  for  the  determination  of  basal  metabolism.  On  the  right  an 
inverted  cylindrical  chamber  containing  air  (shaded  in  the  drawing)  is  hung  from  a  pulley 
in  another  chamber  with  an  air-tight  seal.  As  the  patient  breathes  in  and  out,  the  chamber 
falls  and  rises,  writing  a  line  on  the  revolving  drum  shown  at  the  extreme  right  which 
records  the  decrease  in  volume  due  to  the  oxygen  taken  in  by  the  patient  and  tlie  carbon 
dioxide  absorbed  by  the  soda-lime  in  the  gas  chamber.  From  Kimber,  Gray,  and  Stack- 
pole,  Textbook  of  Anatomy  and  Physiology^  The  Macmillan  Company. 
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tain  a  person’s  vital  activities  in  the  resting  condition,  i.e.,  when  he  is 
doing  no  outside  work.  This,  which  is  called  the  basal  metabolism,  is 
important  in  certain  diseases  and  is  a  routine  determination  in  hospitals. 
The  determination  is  usually  made  before  breakfast  and  with  the  person 
lying  in  bed.  Since  the  energy  liberated  in  the  body  is  due  to  oxidations, 
the  amount  of  energy  liberated  in  any  time  can  be  calculated  from  the 
amount  of  oxygen  used.  The  subject  is  made  to  breathe  out  of  and  into  a 
chamber  containing  pure  oxygen.  The  carbon  dioxide  expired  by  the 
subject  is  absorbed  from  the  chamber  with  soda-lime.  The  decrease  in 
volume  of  the  gas  in  the  chamber  is  then  equal  to  the  amount  of  oxygen 
consumed.  In  the  case  of  truly  basal  metabolism  all  of  the  energy  lib¬ 
erated  then  goes  into  heat.  The  average  rate  at  which  this  heat  is  pro¬ 
duced  in  a  normal  adult  is  1500  to  1800  calories  per  day.  It  will  be 
remembered  that  the  average  man  requires  a  diet  containing  about 
3000  calorics  per  day.  Thus  in  a  normal  man  approximately  one-half 
of  the  energy  value  of  the  food  substances  taken  into  his  body  goes  to 
maintaining  his  body  temperature  and  such  essential  vital  activities  as 
breathing  and  the  beat  of  the  heart.  Fhe  other  half  is  available  for  the 
performance  of  external  work  M  ig.  20:6). 
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Questions 


1  .  What  <  lasses  of  ehemi<  al  sid)stanr('s  aia 
2.  Name  tiu'  vitamins  and  stale  the  elli'ct 


*  iK'cessary  in  a  diet? 
of  the  absence  ot  each 


from  a  diet. 
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3.  About  how  many  calories  p>er  day  does  the  average  man  require? 

4.  State  the  chemical  changes  occurring  in  the  digestion  of  starch. 

5.  Discuss  the  changes  undergone  by  the  food  in  the  stomach. 

6.  Discuss  the  changes  undergone  by  the  food  in  the  small  intestine. 

7.  Trace  what  hap{>ens  to  the  various  constituents  of  a  ham  sandwich  when 
eaten  by  a  man. 

8.  Where  and  how  does  the  ab.sorption  of  food  substances  occur? 

9.  Distinguish  between  anabolism  and  katabolism. 

10.  Discuss  and  compare  protein,  carbohydrate,  and  fat  metalx)lism. 

11.  Distinguish  between  cold-blooded  and  warm-blooded.  What  advantages 
and  disadvantages  are  there  in  being  warm-blooded? 

12.  Discuss  the  human  body  as  a  machine  for  doing  muscular  work. 

Suggestions  for  Further  Reading 

Amberson,  William  R.,  and  Dietrich  C.  Smith,  Outline  oj  Physiology^  F.  S.  Crofts 
&  Co.,  New  York,  1939,  Chaps.  XIX,  and  XXV'. 

Best,  Charles  H.,  and  Norman  B.  Taylor,  The  Living  Body^  A  Text  in  Human 
Physiology^  Henry  Holt  and  Company,  Inc.,  New  York,  1938,  Chaps.  4 
and  5. 


CHAPTER  30 


The  Respiratory  and  Excretory  Systems 


1.  THE  RESPIRATORY  ORGANS  OF  THE  FROG 

The  frog’s  blood  receives  oxygen  and  gives  up  carbon  dioxide  through 
its  skin,  the  lining  of  its  mouth,  and  its  lungs.  The  frog’s  skin  is  abun¬ 
dantly  supplied  with  blood  vessels  and  is  kept  moist  with  mucus  from 
mucous  glands.  Oxygen  from  the  air  or  water  surrounding  the  frog 
passes  through  the  cells  of  the  epidermis  and  of  the  walls  of  the  capillaries 
into  the  blood  stream,  and  carbon  dioxide  diffuses  from  the  blood 
through  the  same  structures  to  the  air. 

The  lining  of  the  mouth  and  the  tongue  are  also  abundantly  supplied 
with  blood  vessels.  If  a  frog  in  the  usual  resting  position  be  watched, 
the  floor  of  its  mouth  will  be  seen  to  be  continually  moving  up  and 
down.  As  its  nostrils  arc  usually  open  and  its  glottis  usually  closed, 
by  this  movement  air  is  alternately  drawn  into  and  forced  out  of  the 
mouth  cavity.  Thus  the  air  in  the  mouth  is  continually  renewed,  a  con¬ 
dition  which  aids  respiration  in  the  mouth. 

d’he  glottis  of  the  frog  opens  into  the  cavity  of  a  small  cartilaginous 
box,  the  larynx  or  voice  box.  I’he  larynx  leads  directly  into  the  two 
lungs,  d'he  tissue  of  the  lungs  is  (‘xceedingly  elastic,  so  that  when  inflated 
they  look  like  small  balloons.  They  difler  from  balloons  in  that  the  air 
s[)ace  is  divided  into  smaller  spaces  by  partitions,  thus  increasing  the 
surface'  exposed  to  th<'  air  (lug.  30:1).  d'he  walls  of  the  lungs  are  plenti¬ 
fully  sup|)lied  with  blood  capillaries,  which  are  separated  from  the  air 
by  only  a  very  thin  laye'i*  of  epitlu'lial  cells.  C3xygen  from  the  air  diffuses 
tlirongli  tlu'se  ('clls  and  the  ('(|ually  thin  cells  of  the  capillaries  into  the 
blood,  and,  in  a  similar  way,  carbon  dioxide  difRises  out  of  the  blood. 

I  hc  Irog  breathes  by  pum|)ing  air  into  its  lungs  and  then  letting  the 
ail'  out  of  them  (I'ig.  30:2).  Att('ntion  has  already  been  draw’n  to  th( 

up-and-down  mov('m('nt  of  tlu*  floor  (^1  the  mouth  and  the  eflect  of 
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this  in  changing  the  air  in  the  mouth  when  the  nostrils  are  open  and 
the  glottis  closed,  as  is  usually  the  case.  From  time  to  time,  however, 
the  glottis  is  opened.  When  this  occurs,  air  escapes  into  the  mouth  from 


A 


Fig.  30: 1  The  respiratory  system  of  tlie  frog.  .\,  the  lungs  and  larynx  dissected  from 
the  ventral  side.  The  right  lung  has  been  cut  open  to  show  the  internal  structure.  B,  a 
lateral  dissection  of  the  larymx  made  by  cutting  vertically  through  the  glottis  and  be¬ 
tween  the  lungs.  The  dorsal  side  is  above,  and  the  glottis  opens  toward  the  upper 
left  in  the  figure. 

the  lungs  owing  to  their  great  elasticity  and  to  contractions  of  the  muscles 
of  the  flanks.  Almost  immediately,  however,  the  nostrils  are  closed  and 
as  the  floor  of  the  mouth  is  raised,  air  from  the  mouth  cavity  is  forced 


Inspiration;  floor  of  mouth  raised,  external  Expiration;  floor  of  mouth  lowered,  external 

nares  closed,  lung  expanded  nares  open,  lung  contracted 

Fig.  30:2  Respiratory  movements  in  the  frog. 

through  the  open  glottis  into  the  lungs.  Since  this  pumping  action  occurs 
only  at  intervals  and  the  movement  of  the  floor  of  the  mouth  goes  on 
-continuously,  the  air  in  the  mouth  is  changed  more  frequently  than  the 
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air  in  the  lungs.  If  the  mouth  of  a  frog  is  held  open  the  animal  is  unable 
to  force  air  into  its  lungs  and  may  even  die  of  asphyxiation. 

In  vertebrates,  the  respiratory  process  occurs  in  three  steps.  First  is 
breathing,  which,  strictly  speaking,  is  not  respiration  and  consists  merely 
of  changing  the  air  in  contact  with  the  respiratory  surface.  In  the  case 
of  the  frog  this  may  be  the  skin,  mucous  membrane  of  the  mouth,  or 
lining  of  the  lungs.  Next  is  external  respiration,  in  which  oxygen  is 
passed  into,  and  carbon  dioxide  out  of,  the  blood.  Lastly  there  is  internal 
respiration,  in  which  the  oxygen  of  the  blood  is  given  up  to  the  tissues 
of  the  body,  and  carbon  dioxide  is  passed  from  the  tissues  to  the  blood. 

The  larynx  contains  the  vocal  cords,  which  are  elastic  folds  of  its  walls 
rather  than  cords  in  the  ordinary  sense.  There  are  two  sets  of  vocal  cords, 
the  true  vocal  cords,  which  are  responsible  for  the  sound  and  determine 
the  pitch  of  croaking,  and  the  false  vocal  cords,  situated  behind  the  true 
vocal  cords,  which,  although  similar  in  structure  to  the  true  vocal  cords, 
play  no  part  in  the  frog’s  vocal  activities.  Certain  muscles  attached  to 
cartilages  in  the  larynx  control  the  tension  in  the  true  vocal  cords.  When 
the  frog  croaks  air  is  forced  through  the  larynx  between  the  stretched 
vocal  cords;  these  go  into  vibration  and  cause  the  sound. 

2.  THE  RESPIRATORY  SYSTEM  OF  MAN 

The  structures  associated  with  the  nasal  cavities  and  mouth  have  al¬ 
ready  been  described  in  Clhap.  28.  In  breathing,  the  air  may  enter  either 
through  the  nostrils,  nasal  breathing,  or  through  the  mouth  opening, 
mouth  breathing.  In  nasal  bn'athing  the  air  enters  at  the  nostrils  and 
passes  into  th(‘  nasal  cavities,  f  rom  the  nasal  cavities  it  passes  through 
the  internal  nares  into  tlu'  nasopharynx  and  Irom  there  into  the  oral 
pharynx.  ITom  the  oral  i)harynx  it  passes  through  the  glottis  into  the 
larynx,  crossing  as  it  does  .so  the  passageway  of  the  food  from  the  mouth 
to  the  e.sophagus.  The  larynx  in  man  j:)rojects  in  the  front  of  the  neck  as 
the  “Adam’s  ap|)l(‘”  and  is  ('asily  Idt  as  a  rounded  structure  below  the 
low(‘r  jaw.  As  in  tin*  ('as(‘  of  tlu'  Irog,  the  vocal  cords  are  folds  of  the  lining 
of  th(‘  larynx  rallu'r  than  eoids  in  tlu'  usual  sense  ol  the  word.  The  true 
vocal  ('ords  ar(*  below  the  lals(‘  \’0('al  cords.  II  the  finger  and  thumb  arc 
plac'cfl  on  the  laiynx  and  a  \'ow('l,  such  as  the  letter  be  pronounced, 
the  vibi'ation  of  the  true'  \’oeal  ('ords  ('an  easily  be  felt. 

'I’h('  lower  |)art  of  the  larynx  leads  into  a  long  cylindrical  tube,  the 
trachea,  which  passes  down  dirough  tlu'  nc'ck  in  Iront  o(  the  eso|:)hagiis 
and  into  the  (  Ix'sl.  /\l  about  (In'  iniddh'  ol  tlu'  c'lu'St  tlu'  trachea  dividc's 
into  (wo  lubes,  (he  right  and  left  bronchi,  leading  to  the  right  and  lelt 
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lungs.  In  the  lungs  the  bronchi  divide  up  into  smaller  tubes  called 
bronchioles.  The  trachea,  the  bronchi,  and  larger  bronchioles  are  ren¬ 
dered  noncollapsible  by  rings  of  cartilage  (Fig.  30:3).  Each  bronchiole 
ends  in  a  structure  which  looks  not  unlike  a  bunch  of  grapes.  The  round 
grapelike  projections  are  minute  air  sacs,  called  alveoli,  which  communi¬ 
cate  with  the  enlarged  end  of  the  bronchiole.  The  alveoli  are  lined  by  a 
single  layer  of  thin,  flattened  epithelial  cells  and  surrounded  by  a  net- 


Artery 
CB  Vein 


Bronchus 


Alveolus 


Trachea 


Cartilage 


rings 


vein  artery 


Capillaries 
around  alveolus 


Pleura 


Fig.  30:3  The  human  respirator)’  system.  A,  larynx,  trachea,  and  lungs  in  ventral 
view,  left  lung  opened.  B,  portion  of  a  bronchiole,  with  cartilages  and  adjacent  small 
blood  vessels.  C,  alveoli  and  capillaries.  From  Storer,  General  Zoology,  McGraw-Hill 
Book  Company,  Inc. 


work  of  capillaries.  It  is  through  the  walls  of  the  alveoli  that  the  oxygen 
passes  into  and  the  carbon  dioxide  out  of  the  blood.  The  alveoli,  bron¬ 
chioles,  and  bronchi  of  each  lung  are  bound  together  into  a  compact 
but  spongy  and  very  elastic  mass  by  connective  tissue,  which  is  covered 
by  a  layer  of  peritoneum  called  the  pulmonary  pleura.  A  similar  layer 
of  peritoneum  lines  the  pleural  cavity,  the  parietal  pleura.  A  very  small 
amount  of  fluid  separates  the  pulmonary  pleura  from  the  parietal  pleura. 

There  are  two  methods  of  increasing  and  decreasing  the  size  of  the 
pleural  cavities  and  thereby  drawing  air  into  and  forcing  air  out  of  the 
lungs  (Fig.  30:4).  In  diaphragmatic  breathing  the  muscles  of  the  dia¬ 
phragm  are  contracted  and  this  dome-shaped  sheet  of  tissue  is  flattened 
out  and  the  floor  of  the  thorax  lowered.  Since  the  rest  of  the  thorax 
does  not  decrease  in  size,  the  volume  occupied  by  the  lungs  is  increased 
and  air  rushes  into  them.  By  a  subsequent  relaxation  of  its  muscles  and 
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contraction  of  the  abdominal  muscles  the  diaphragm  reassumes  its  dome 
shape  and  air  is  forced  out  of  the  lungs. 

In  costal  breathing  the  ribs  and  sternum  are  drawn  upward  by  the 
contraction  of  intercostal  muscles  and  other  muscles  in  the  chest  and 
neck.  Since  the  ribs  slant  from  the  vertebral  column  downward  and  to 
the  side,  raising  them  increases  both  the  width  and  thickness  of  the  chest, 
and  hence  the  volume  occupied  by  the  lungs.  Air  is  therefore  drawn 
into  them.  With  the  relaxation  of  the  intercostal  and  other  muscles 


Inspiration;  lung  volume  increased, 
ribs  raised,  diaphragm  lowered 


Expiration;  lung  volume  reduced, 
ribs  lowered,  diaphragm  raised 


Fig.  30:4  Respiratory  movements  in  labored  breathing  in  man. 


referred  to,  the  ribs  are  lowered  and  air  is  forced  out  of  the  lungs.  In 
normal  breathing  both  methods  are  employed,  the  diaphragmatic 
method  tending  to  predominate. 

Although  w(‘  are  nol  ordinarily  conscious  of  the  movements  we  make 
in  breathing,  the  muscles  art'  voluntary  muscles  under  the  contiol  of 
the  central  nerv'ous  system,  as  is  shown  by  the  fact  that  a  peison  can  hold 
his  breath.  'I'lu'  rhythm  of  brt'athing  is  controlled  by  a  respiratory  center 
in  the  bi'ain,  whic'h  in  turn  is  stimulated  l)y  tlu'  carbon  dioxide  in  the 
blood,  d’his  is  why  in  cases  of  asphyxiation  a  mixture  containing  carbon 
dioxide  and  oxygen  and  not  pure'  oxygen  is  administei ed. 

The  volume  of  air  which  can  b(‘  taken  into  or  lorccd  out  of  the 
lungs  is  ('asily  iiH'asured  by  an  instrument  called  a  spirometer.  This 
consists  css('nlially  of  a  ('ylinder  in  which  the  volume  is  measured  con- 
neeted  with  a  tube  ending  in  a  mouthi)iece  (I'ig.  30:5).  The  actual  vol- 
mnes  vary  consicb'rably  in  dilh'rent  persons.  When  a  person  is  sitting 
at  rest  and  l,r<'athing  (luielly  h('  takes  in  and  gives  out  about  500  cubic 
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centimeters  at  each  breath.  This  is  called  the  tidal  air  (Fig.  30:5).  If 
from  this  resting  condition  of  the  lungs  he  tries  to  expel  as  much  air  as 
he  can  from  them,  the  volume  expelled  may  be  about  1500  cubic 
centimeters.  This  is  called  the  supplemental  air.  If  on  the  other  hand, 
starting  at  the  resting  position,  he  tries  to  inhale  as  much  air  as  possible 
by  expanding  his  chest,  the  volume  inhaled  will  be  about  2000  cubic 


Complemental  air 
Tidal  air 

Supplemental  air 
Residual  air 


Fig.  30:5  The  measurement  of  expired  and  inspired  air.  On  the  left,  a  spirometer; 
on  the  right,  diagram  showing  average  volumes. 


centimeters.  This  is  called  the  complemental  air.  The  tidal  air  plus 
the  supplemental  air  plus  the  complemental  air  equals  the  vital  capacity. 
This  is  also  the  volume  of  air  which  can  be  expelled  from  the  lungs  when 
the  subject  starts  with  them  fully  expanded  and  expels  all  the  air  he  is 
able  to  expel.  However,  even  when  the  greatest  effort  is  made  to  expel 
the  air  from  the  lungs  there  is  still  a  considerable  volume  left.  This 
is  called  the  residual  air  and  in  the  case  under  consideration  would 
be  about  1500  cubic  centimeters.  It  thus  appears  that  the  air  in  the  lungs 
is  never  completely  changed  at  one  time.  Indeed  only  about  one-tenth 
of  the  total  volume  is  changed  in  an  ordinary  quiet  respiration.  Even 
in  this  case  a  good  proportion  of  fresh  air  enters  the  alveoli.  The  rate  of 
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respiration  varies  with  age,  position  of  the  body,  and  activity.  A 
young  adult  in  the  sitting  position  averages  about  18  inhalations  per 
minute. 

The  atmosphere  contains  about  21  per  cent  oxygen  and  about  0.03  per 
cent  carbon  dioxide.  The  air  expelled  from  the  lungs  contains  approxi¬ 
mately  16  per  cent  oxygen  and  4  per  cent  carbon  dioxide  (Table  30:1). 
However,  people  can  live  without  great  discomfort  where  the  oxygen 
is  equivalent  to  only  about  12  to  13  per  cent  and  the  carbon  dioxide 
per  cent  reaches  1.  Ventilation  is  not  so  much  a  question  of  oxygen 
and  carbon  dioxide  as  of  air  conditioning,  i.e.,  getting  rid  of  smells, 
dust,  and  excess  moisture. 

TABLE  30:1.  GASEOUS  CONTENT  OF  INSPIRED  AIR,  EXPIRED  AIR, 
ARTERIAL  BLOOD,  AND  VENOUS  BLOOD  IN  PER  CENT  OF  VOLUME  i 


OXYGEN 

CARBON  DIOXIDE 

NITROGEN 

Inspired  air 

21 

0.03 

78 

Expired  air 

16 

4.00 

78 

Arterial  blood 

20 

40.00 

1-2 

Venous  blood 

15 

40-50 

1-2 

3.  THE  EXCRETORY  SYSTEM  OF  THE  FROG 


Excretion  is  the  giving  off  of  the  waste  products  of  metabolism.  A  sub¬ 
stance  cannot  be  said  to  be  excreted  unless  it  at  one  time  took  part  in 
the  metabolism  of  the  organism.  Thus  excretion  is  clearly  to  be  distin¬ 
guished  from  defecation  which  refers  to  the  passing  out  of  the  body  of 
undigested  materials  from  the  alimentary  tract.  The  skin,  liver,  and  the 
walls  of  the  intestine  arc  important  excretory  organs  but  they  will  not 
receive  special  consideration  here. 

The  kidneys  of  the  frog  arc  two  reddish,  flat,  oval  bodies  lying  against 
the  dorsal  body  wall  about  midway  between  the  ends  of  the  abdominal 
cavity.  They  are  cov(‘rcd  only  on  their  v’cntral  sides  by  the  peritoneum 
and  are  lluis  outside*  the  body  cavity  (fig.  27:12).  From  the  lateral  side 
of  each  kidne'y,  nc'ar  (he  postc'rior  end,  runs  a  tube  called  the  ureter 
which  oj)cns  into  (he  cloaca.  T  he  urinary  bladder  is  an  outgrowth  from 
the  ventral  side  of  the  cloaca  and  is  not  connected  with  the  ureters 
(I’ig.  30:6).2 

Th(‘  i n t('rna  1  st riu't ure*  of  the  kidiu'y  is  sc'cn  best  in  microscopic  sections. 
The  ur(“t('r  is  ('oiitinucd  through  tlu'  substance  ol  the  kidney  to  its  an- 


'  from  W.  D.  '/octhoul  and  W.  VV.  I’uttlc,  Icxlhook  oj  Physiolo^\  C.  V.  Mosby  Com¬ 

pany,  St.  I  .onis,  1  ')‘10. 

••"I  l.c  Udney  and  mrtrr  of  (hr  iVoR  air  not  homologous  (o  thr  kidney  and  ureter  of 
m.immals,  iiu  hiding  m.m,  sinc  e  thrir  rnilnyologiral  develojiment  is  dillrrmt.  'Fhe  frog’s 
kidiiry  is  a  mc'sc >nr| ihros  .md  its  due  t  a  mrsonrphrie  duet. 
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Fig.  30:6  The  cxcrctor>'  system  and  associated 
organs  of  the  male  frog.  Urinarv'  bladder  is  not 
shown;  it  opens  into  the  ventral  side  of  the  cloaca. 

Uriniferous 

tubules 


terior  end.  A  transverse  section  of  the  kidney  shows  transverse  collect¬ 
ing  tubules  running  across  the  dorsal  portion  of  the  kidney  (Fig.  30:7). 

With  these  are  connected 
numerous  fine  tubules  run¬ 
ning  to  the  ventral  portion. 
These  fine  tubes,  called  uri¬ 
niferous  tubules,  run  from 
the  collecting  tubules  to  the 
ventral  side  of  the  kidney 
where  they  make  a  few  coils 
and  then  run  dorsally  again 
to  the  vicinity  of  the  collect¬ 
ing  tubules,  where,  after  mak¬ 
ing  a  few  more  coils,  they  turn 
to  run  again  to  the  ventral 
side  of  the  kidney.  Here  each 
of  the  uriniferous  tubules 
ends  in  a  slight  enlargement, 
called  a  renal  capsule.  Into 
the  renal  capsule  projects  a 
small  tangled  mass  of  blood 
capillaries  called  a  glomeru¬ 
lus.  The  glomerulus  and 
renal  capsule  together  form 
the  Malpighian  body  or 
renal  corpuscle.  The  excre¬ 
tory  unit  of  the  kidney,  some¬ 
times  called  a  nephron, 
consists  of  a  uriniferous  tubule 
and  a  renal  capsule. 

From  the  uriniferous  tu¬ 
bules  the  urine  passes  into 
the  collecting  tubules  and 
from  these  to  the  ureter.  The 
ureters,  as  already  stated, 
open  into  the  cloaca  and  are  not  connected  with  the  urinary  bladder. 
Since  the  anus  of  the  frog  is  usually  kept  closed  by  its  sphincter  muscles 
the  urine  backs  up  from  the  cloaca  into  the  bladder  where  it  is  stored. 

In  the  tailed  amphibia,  which  represent  less  specialized  animals  lower 
in  the  scale  of  evolution,  ciliated  funnel-shaped  openings,  called  nephro- 
stomes,  occur  on  the  ventral  surfaces  of  the  kidneys  and  lead  from 


bodies 

Fig.  30:7  Diagram  of  a  cross  section  of  a  frog’s 
kidney.  Bidder’s  canal,  present  in  some  European 
frogs,  is  apparently  absent  in  the  common  Ameri¬ 
can  species  Rana  pipiens.  After  S.  J.  Holmes,  The 
Biology  of  the  Frog,  The  Macmillan  Company. 
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the  coelom  into  the  uriniferous  tubules.  In  this  case  there  is  a  striking 
correspondence  between  the  nephridia  of  an  earthworm,  which,  it  will 
be  remembered,  open  into  the  coelom,  and  the  uriniferous  tubules  of 
the  amphibia,  with  the  difference  that  the  uriniferous  tubules  are  con¬ 
nected  with  the  ureter  while  the  nephridia  of  the  earthworm  open  di¬ 
rectly  to  the  exterior. 

4.  THE  EXCRETORY  SYSTEM  OF  AAAN 

As  in  the  frog,  the  skin,  lungs,  liver,  and  the  mucosa  of  the  intestine 
perform  excretory  functions.  We  will  consider  first,  however,  the  kidneys 


Fig.  30:8  T'hc  human  urinary  system  vieweil  from  behind.  From  Kimbcr,  Gray,  and 
Stackpole,  Texthook  of  Anatomy  and  Plysiolo^y,  '1  he  Macmillan  Company. 

whose  function  is,  so  far  as  is  known,  entirely  excretory  (fig.  30:8).  The 
sliape  of  tlie  inanimalian  kidiu'y  is  so  (  haractcristic  that  the  tci m  kidney- 
shaped”  is  in  eonnnon  ns(‘.  'The  kidneys  in  man  occupy  positions  in  the 
body  corresponding  to  th('  positions  occupied  by  the  kidneys  in  the  fiog. 
Like  them,  they  lie  against  tlic  dorsal  body  wall,  covered  only  on  theii 
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ventral  sides  by  peritoneum.  The  notch  in  the  side  of  each  kidney,  called 
the  hilus,  is  turned  toward  the  vertebral  column.  A  ureter  emerges  from 


each  kidney  at  the  hilus  and 
passes  down  along  the  dorsal 
body  wall  to  the  urinary  bladder 
into  the  posterior  wall  of  which 
it  opens.  The  urinary  bladder 
lies  in  the  pelvic  cavity  in  front 
of  the  rectum.  It  is  a  muscular 
sac  which,  when  distended  with 
urine,  is  oval  in  shape.  The  lower 
portion  of  the  bladder  narrows 
to  form  a  tube,  the  urethra, 
which  opens  on  the  exterior  of 
the  body  and  through  which  the 
urine  is  voided. 

A  longitudinal  section  of  a 
kidney  shows  that  the  ureter 
expands  into  a  funnel-shaped 
cavity,  called  the  pelvis  of  the 


region 


Fig.  30:9  A  human  kidney  bisected 
to  show  internal  structure.  From  L.  L. 
Woodruff,  Animal  Biology^  The  Mac¬ 
millan  Company. 


Fig.  30:10  A  diagram  showing  a  single  se¬ 
cretory  unit  of  the  kidney.  From  W.  R.  Amber- 
son  and  D.  C.  Smith,  Outline  of  Physiology^  F. 
S.  Crofts  &  Company. 


kidney,  which  occupies  the  central  portion  (Fig.  30:9).  The  solid  portion 
of  the  kidney  is  differentiated  into  an  outer  cortical  substance  and  an  in¬ 
ner  or  medullary  substance.  Malpighian  bodies,  similar  to  those  of  the 
frog  kidney,  occur  in  the  cortical  portion  and  give  to  it  a  granular  appear- 


Art.  5  THE  EXCRETION  OF  THE  URINE 


585 

ance.  Blood  comes  to  the  capillaries  of  the  glomerulus  in  an  artery  and 
leaves  in  a  vein.  The  artery  is  in  this  case  larger  than  the  corresponding 
vein  because  the  volume  of  blood  entering  the  glomerulus  is  greater  than 
the  volume  leaving  it  by  the  volume  of  the  liquid  passed  out  into  the  cap¬ 
sule.  As  in  the  frog,  a  uriniferous  tubule  extends  from  each  Malpighian 
body  to  join  a  collecting  tubule  (Fig.  30:10).  In  man  thejariniferous 
tubule  is  differentiated  into  three  portions  called  resjpectively  the  proximal 
convoiuted^^ute^lbop'bfFlehfeTahd^distarcon^^  tubule.  Theprox- 
imafconvoIuteJ tuCuIe'is’a^'much-coiled'pbrffofflbcatST^  cortex  of 
the  kidney  and  directly  connected  with  the  Malpighian  body.  The  loop  of 
Henle  is  a  long  U-shaped  tubule  which  extends  from  the  proximal  con¬ 
voluted  tubule  into  the  medullary  portion  of  the  kidney  and  returns  to 
the  cortical  portion  where  it  unites  with  the  distal  convoluted  tubule. 
The  distal  convoluted  tubule  contains  several  irregular  coils  in  close 
proximity  to  those  of  the  proximal  convoluted  tubule.  It  connects  with 
the  collecting  tubule.  The  collecting  tubules  join  to  form  excretory  tubes 
which  open  by  pores  on  conical  elevations  of  the  kidney  tissue  called 
papillae  which  project  into  the  pelvis  of  the  kidney.  The  excretprymnit 
or  nephron  consists  of  the  Malpighian  body,  the  proximal  convoluted 
tubule,  the  loop  of  Henle,  and  the  distal  convoluted  tubule.  In  going 
from  the  uriniferous  tubules  to  the  exterior  the  urine  takes  the  following 
course:  uriniferous  tubules  to  collecting  tubules  to  excretory  tubules  to 
pelvis  of  kidney  to  ureter  to  bladder  and  out  through  the  urethra. 

The  urine  normally  contains  about  95  per  cent  water,  but  the  amount 
varies  greatly  according  to  the  amount  of  liquid  taken  by  the  person  and 
the  amount  of  water  lost  in  perspiration,  through  the  skin,  which  may 
be  equal  in  amount  to  that  given  off  by  the  kidneys.  The  other  5  per 
cent  consists  of  soluble  salts,  of  which  somewhat  over  1  per  cent  are  in¬ 
organic  and  somewhat  under  4  per  cent  are  organic,  chiefly  urea.  Urea, 
C:0(NI  12)2,  is  the  chief  nitrogenous  waste  product  of  the  body;  it  occurs 
also  in  pcTSpiration. 


5.  THE  EXCRETION  OF  THE  URINE 

Much  of  our  knowl(*(lg('  eoiu'erning  the  function  of  the  different  parts 
of  the  nephron  or  excretory  unit  ol  the  kidney  is  the  result  ol  investiga- 
lions  aitTicd  out  on  (lie  kidney  of  die  Irog  and  the  mudpuppy  (Ncctunis), 
:ilso  an  .-iinphiliitm.  Reeenlly  die  leelinitiue  has  been  perlected  and  ap¬ 
plied  lo  die  niiminialian  kidney,  so  dial  there  is  now  fairly  aeeurate  and 
eoniplele  inrorinalion  eoneerninj;  die  exerelion  ol  die  urine.  In  one  ol 
die  luosl  fruidnl  iiielhods  of  experinientalion  line  eapillary  lubes  are 
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introduced  by  means  of  a  micromanipulator  in  the  Malpighian  capsule 
and  at  various  points  into  the  uriniferous  tubule.  By  means  of  these  fine 
tubules  liquid  is  withdrawn  for  measurement  and  microchemical  anal¬ 
ysis.  In  this  way  it  can  be  shown  that  two  quite  dilferent  processes  occur 
in  the  formation  of  the  urine.  The  first  of  these  occurs  in  the  Malpighian 
capsule,  the  second  in  the  uriniferous  tubule. 

The  Malpighian  body  acts  as  a  filter  in  which  the  blood  corpuscles 
and  blood  colloids,  chiefly  proteins,  are  held  back  and  the  plasma,  in¬ 
cluding  the  blood  salts,  urea,  uric  acid,  and  water  pass  through  the  walls 
of  the  capillaries  and  the  endothelium  covering  the  glomerulus  into  the 
cavity  of  the  capsule.  Filtration  requires  a  difference  of  pressure.  In 
this  case  the  difference  in  pressure  is  that  between  the  blood  pressure  in 
the  capillaries  and  the  pressure  in  the  liquid  in  the  capsule.  It  has  been 
shown  that,  other  factors  remaining  constant,  an  increase  in  the  blood 
pressure  causes  an  increase  in  the  volume  of  urine.  That  the  walls  of  the 
capillaries  and  the  endothelium  act  as  filter  has  been  shown  by  compar¬ 
ing  the  com|X)sition  of  the  plasma  in  the  blood  with  the  fluid  in  the  cap¬ 
sule  by  means  of  the  technique  outlined  in  the  previous  paragraph.  In  the 
filtration  process  the  capillary  walls  and  the  endothelium  act  as  living 
membranes.  If  they  are  injured  the  filtrate  is  different.  Proteins  are  then 
found  in  the  urine. 

The  uriniferous  tubules  are  mainly  concerned  with  the  reabsorption 
of  various  materials  from  the  filtrate  as  k  passes  through  them.  That 
^vatcr  is  reabsorbed  is  shown  by  the  fact  that  calculations  reveal  that  the 
total  amount  of  filtrate  formed  in  the  kidney  by  the  Malpighian  bodies 
in  an  adult  is  about  200  liters  per  day  while  the  actual  amount  of  urine 
passed  in  the  same  period  is  only  about  1  .V  liters.  Not  only  water  is  reab¬ 
sorbed  by  the  tubules.  Analysis  of  the  fluid  in  the  Malpighian  capsule 
shows  that  glucose  is  present  there  in  approximately  the  same  concen¬ 
tration  as  in  the  blood,  while  glucose  is  practically  absent  from  the  fluid 

TABLE  30:2.  COMPARISON  OF  CONCENTRATION  OF  SUBSTANCES  IN 
BLOOD  PLASMA  AxND  IN  URINE' 

PER  CENT 


BLOOD  PLASMA 

URINE 

Water 

90-93 

95 

Proteins,  fats,  and  other  colloids 

7-9 

0 

Glucose 

0.1 

0 

Sodium 

0.30 

0.35 

Chloride 

0.37 

0.60 

Potassium 

0.02 

0.15 

Urea 

0.03 

2.00 

Uric  acid 

0.004 

0.05 

'  Data  from  W.  R.  Amberson  and  D.  C.  Smith,  Outline  of  Physiology,  F.  S.  Crofts  &  Co., 
New  York,  1939. 
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in  the  distal  tubule,  except  in  those  cases  where  there  is  an  excess  of 
glucose  in  the  blood,  when  it  may  appear  in  the  urine.  Chlorids  are  also 
reabsorbed.  The  same  is  true  of  bicarbonates.  The  reabsorption  of  the 
latter  with  the  absence  of  their  buffering  effect  is  the  chief  reason  for 
acid  reaction  of  the  urine.  While  urea  is  not  reabsorbed  in  the  frog  it 
appears  that  in  mammals  a  small  proportion  of  the  urea  may  be  reab¬ 
sorbed.  Filtration  and  reabsorption  is,  however,  not  the  whole  story. 
There  is  good  evidence  that  creatinine,  the  anhydride  of  creatine  referred 
to  already  in  considering  muscle  metabolism,  is  secreted  by  the  urinary 
tubules  from  the  blood  into  the  urine.  The  accompanying  table  shows 
the  relative  concentrations  of  various  substances  in  the  plasma  and  urine 
(Table  30:2). 

Although  excretion  is  the  most  obvious  function  of  the  kidney  it  plays 
a  perhaps  equally  important  role  in  another  function  which  is  carried 
out  by  a  number  of  parts  of  the  body  conjointly,  viz.,  the  maintenance 
of  a  constant  composition  of  the  blood  and  through  it  a  constant  environ¬ 
ment  for  the  cells  of  the  body.  The  maintenance  of  this  constant  environ¬ 
ment  is  discussed  in  the  next  chapter. 
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Questions 

1.  Compare  the  methods  of  l)reathing  of  a  frog  and  a  man. 

2.  Distinguish  hetwee^n  breathing,  external  respiration,  and  internal  respiration. 

3.  d  race  die  patli  wliich  a  molecule  of  oxygen  woidd  travel  in  going  from  the 
atmosphere,  into  tlu*  blood  of  a  man  and  state  the  forces  which  move  it. 

4.  Compare  the  kidneys  of  a  frog  with  those  of  a  man. 

5.  In  what  part  or  parts  of  the  kidney  dex's  the  actual  excretion  occui? 
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CHAPTER  31 


The  Circulatory  System 


1.  THE  BLOOD  OF  THE  FROG 

The  blood  is  a  living  tissue.  It  difTcrs  from  other  tissues  in  that  the 
matrix  or  intercellular  substance  is  liquid.  This  liquid  portion  is  called 
the  plasma.  Ihc  cells,  or  corpuscles,  as  they  are  called  in  the  blood,  are 
of  different  kinds.  The  red  corpuscles,  or  erythrocytes,  are  oval  in  shape 
and  nucleated  in  the  frog  (Fig.  4:15).  Their  function  is  to  carry  the  red 
respiratory  pigment,  called  hemoglobin.  The  white  corpuscles,  or 
leucocytes,  are  less  numerous  and,  in  the  frog,  smaller  than  the  red 
corpuscles;  their  nuclei  are  relatively  large.  Unlike  the  red  corpuscles 
which  retain  a  fixed  shape,  the  white  corpuscles  are  capable  of  amoe¬ 
boid  movement.  Certain  of  them  have  as  a  function  to  ingest  foreign 
bodies  in  the  blood,  including  bacteria,  and  are  hence  called  phagocytes 
(Gr.  phagein,  to  eat  +  kutos,  cell).  In  addition  there  occur  spindle  cells, 
called  also  thrombocytes,  which  are  smaller  than  either  the  red  or  the 
white  corpuscles.  These  contain  a  substance  which  causes  the  clotting 
of  the  blood  when  they  disintegrate. 

2.  THE  BLOOD  OF  AAAN 

Human  blood  contains  practically  the  same  elements  as  the  blood 
of  the  frog,  namely,  plasma,  red  corpuscles,  white  corpuscles,  and  blood 
platelets  or  thrombocytes  which  are  small,  irregular,  enucleate  bodies 
comparable  to  the  spindle  cells  of  the  frog  (Fig.  31 :1).  The  red  corpuscles 
or  erythrocytes  are  biconcave  circular  discs,  0.007  millimeter  in  diameter, 
which  is  about  one-third  the  diameter  of  the  frog’s  red  corpuscles.  The 
red  corpuscles  of  a  man,  whale,  elephant,  and  mouse  do  not  differ  in 
diameter  by  more  than  about  0.0025  millimeter.  As  seen  in  the  circulat¬ 
ing  blood  they  are  without  nuclei,  although  they  develop  from  nucleated 
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cells  in  the  bone  marrow  and  subsequently  lose  their  nuclei.  The  white 
corpuscles,  which  are  greater  in  diameter  than  the  erythrocytes,  are 
nucleated  and  of  a  number  of  different  kinds.  The  most  numerous  are 
the  polymorphonuclear  leucocytes  in  which  the  nuclei  are  irregular  in 
shape  and  divided  into  a  number  of  lobes.  The  polymorphonuclear 
leucocytes  normally  comprise  60  to  75  per  cent  of  the  white  corpuscles, 
but  their  number  may  be  greatly  increased  in  certain  pathological  con- 

Granular  polymorpho- 


Fig.  31:1  Human  blood  corpuscles  and  platelets.  The  strands  extending  between  the 
corpuscles  and  platelets  are  of  fibrin  formed  wlien  coagulation  takes  place.  Platelet  is 
another  term  for  thrombocyte. 


ditions  where  pus  is  formed.  It  is  chiefly  these  corpuscles  which  act  as 
phagocytes. 

One  cubic  millimeter  of  normal  blood  contains  approximately 
5,000,000  red  cori)usclcs  and  5000  to  10,000  white  corpuscles,  and  it 
takes  about  25  or  30  cubic  millimeters  to  make  one  good-sized  drop  of 
blood.  Put  in  another  way,  if  human  beings  were  blood  corpuscles  the 
population  of  the  world  would  be  contained  in  about  10  or  15  drops. 
The  blood  of  a  man  forms  from  5  to  7  per  cent  of  his  total  weight,  and 
it  has  been  eslimaK'd  that  a  man  weighing  68  kilograms  (150  pounds) 
has  about  25  X  10’^  or  25,000,000,000,000  red  corpuscles. 

The  lif(‘  si)an  of  a  red  ('ori)usele  in  the  circulation  is  comparatively 
short,  al)out  2  to  3  w(*('ks.  N(‘w  blood  corpuscles  develop  in  special  blood- 
forming  tissiK'  in  lh(‘  marrow  o(  the  l>ones. 

I  he  plasma  of  tlu'  blood  resembles  protoplasm  in  its  chemical  composi¬ 
tion,  although  not  in  stnudure  (Table  31:1).  This  is  not  surprising  since 
its  function  is  to  supply  to  cells  the  materials  to  build  up  new  protoplasm 
and  rei)air  that  which  has  broken  down.  It  contains  small  amounts  of  a 
hirg('  nnml )(‘r  of  <Mr/ymes,  hormon(‘S,  and  vitamins.  In  consequence  theu 
niuy  o('enr  i  u  i  I  m;uiy  ol  lh<*  kabibolic' pro('('SS('S  whic  h  o(  eiii  in  cells.  1  his 
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does  not  include  respiration  which  is  limited  to  living  cells.  The  reaction 
of  the  plasma  is  slightly  alkaline  (pH  7.4  to  7.7)  and  is  slightly  more 
alkaline  than  the  whole  blood  (pH  7.2  to  7.4).  The  composition  of  the 
plasma  is  shown  in  Table  31:1. 

TABLE  31:1.  COMPOSITION  OF  100  GRAMS  OF  HUMAN  BLOOD  PLASMA 


GRAMS 

Water  90-92. 

Solids 

Proteins  7-9. 

Salts  1 . 

Lipides  (fats  and  fatty  substancos)  0.1 -0.6 

Carbohydrates,  chiefly  glucose  0.2-0. 3 


3.  THE  FUNCTIONS  OF  THE  BLOOD 

TRANSP  ORT  OF  OX  YGEN.  ITic  color  of  the  red  corpuscles  is  due  to  a 
substance  called  hemoglobin  which  is  present  in  large  quantities  dis¬ 
solved  in  the  cytoplasm.  Hemoglobin  is  a  protein  which  contains  iron,  in 
addition  to  the  other  elements  present  in  proteins,  and  is  characterized  by 
the  ease  with  which  it  combines  with  oxygen.  Due  to  the  presence  of 
hemoglobin  the  blood  is  able  to  carry  seventy  times  as  much  oxygen  as 
it  would  if  it  carried  only  the  oxygen  dissolved  in  the  plasma.  In  the  lungs 
the  oxygen  from  the  air  passes  through  the  thin  epithelial  walls  of  the 
alveoli  and  the  walls  of  the  capillaries  into  the  plasma.  From  the  plasma 
it  passes  into  the  red  corpuscles  and  there  is  combined  with  hemoglobin. 
When  the  blood  reaches  capillaries  in  tissues,  which  are  poor  in  oxygen 
due  to  oxidations  going  on  in  them,  the  hemoglobin  gives  up  its  oxygen 
through  the  plasma  and  the  walls  of  the  capillaries  to  the  tissues. 

THE  TRANSPORT  OF  CARBON  DIOXIDE.  Most  of  the  carbon  dioxide 
transported  from  the  tissues  to  the  lungs  is  carried  in  the  plasma  of  the 
blood  in  the  form  of  sodium  bicarbonate. 

THE  TRANSPORT  OF  FOOD  MATER/ A  LS.  All  of  the  products  of  diges¬ 
tion  which  are  absorbed  through  the  intestinal  wall  find  their  way  into 
the  blood  and  are  carried  in  the  plasma  until  taken  up  and  used  by  tissue 
cells.  Although  relatively  large  amounts  of  these  substances  may  be 
digested  and  absorbed,  their  concentration  in  the  blood  is  low  and  is 
maintained  practically  constant.  Thus  the  amount  of  glucose  in  the 
blood  is  about  0.1  per  cent,  and  of  fat  about  0.2  per  cent,  and  the 
amounts  of  these  substances  fluctuate  only  within  narrow  limits.  Amino 
acids  are  always  present  in  small  but  practically  constant  amounts. 

THE  TRANSPORT  OF  WASTE  MATERIALS.  Waste  materials  such  as 
urea,  uric  acid,  and  a  number  of  other  nitrogenous  substances  are  trans- 
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ported  in  the  blood  from  their  seat  of  origin  to  the  kidneys  or  the  skin 
where  they  are  excreted. 

THE  TRANSPORT  OF  OTHER  SUBSTANCES.  Many  other  substances, 
such  as  enzymes,  hormones,  and  immune  bodies,  including  antitoxins 
which  neutralize  bacterial  poisons,  are  carried  in  the  blood. 

THE  EQUALIZATION  OF  THE  BO DY  TEMPERATURE.  The  blood  vessels 
function  as  a  very  efficient  and  widely  distributed  hot-water  heating 
system  for  the  body.  The  blood  as  it  courses  through  the  tissues  carries 
the  heat  from  parts  of  the  body  where  it  is  being  generated,  such  as  the 
muscles,  to  the  more  superficial  and  cooler  parts,  maintaining  an  even 
temperature  throughout.  The  temperatures  of  the  different  parts  of  the 
body  seldom  vary  by  more  than  one  or  two  degrees  Fahrenheit. 

4.  THE  CLOniNG  OF  THE  BLOOD 

When  a  blood  vessel  is  ruptured  and  bleeding  occurs  the  flow  of  blood 
is  normally  stopped  by  the  contraction  of  the  walls  of  the  vessel  and  the 
formation  of  a  clot.  When  a  clot  of  blood  is  examined  under  a  microscope 
it  is  found  to  contain  a  tangled  mass  of  fine  fibrils.  The  substance  of  which 
these  fibrils  consist,  called  fibrin,  is  formed  from  a  protein  called  fibrin¬ 
ogen  normally  in  the  plasma.  A  clot  is  formed  when  blood  comes  in  con¬ 
tact  with  the  air  or  foreign  material  such  as  a  piece  of  cloth,  metal,  or 
glass.  The  transformation  of  fibrinogen  into  fibrin  is  somewhat  compli¬ 
cated.  It  is  initiated  by  the  breakdown  of  the  platelets  or  thrombocytes 
which  liberates  a  substance  which  starts  a  series  of  reactions  the  end 
result  of  which  is  the  formation  of  fibrin.  If  a  quantity  of  blood  is  placed 
in  a  vessel  the  clot  will  separate  out  as  a  dark  red  mass  floating  in  a  light- 
colored  liquid  called  the  serum.  The  serum  consists  of  the  plasma  minus 
the  corpuscles,  which  arc  caught  in  the  meshes  of  the  clot,  and  the  sub¬ 
stances  which  form  the  fibrin. 

5.  BLOOD  TYPES 

In  (he  cas(‘  of  blood  transfusion,  to  be  discussed  in  the  next  section,  it 
is  found  that  blood  cannot  ordinarily  be  transfused  without  danger  be¬ 
tween  any  two  persons  taken  at  random.  T  he  donor,  who  gives  the  blood, 
and  the  recij)ient,  who  g('ts  th(‘  (ranslusion,  must  belong  to  certain  types. 
T  he  situation  is  best  (‘xplained  by  assuming  that  the  red  corpuscles  form 
agglutinating  substances  which  agglutinate,  or  cause  the  massing  to- 
g(‘ther,  of  c(Ttain  agglutinable  substances  in  blood  plasma.  There  arc 
believed  to  be  two  agglutinating  substances  usually  indicated  by  A  and 
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B,  and  two  corresponding  agglulinablc  substances  indicated  by  a  and  b. 
'I'he  blood  of  the  donor  must  not  contain  an  agglutinating  substance  for 
which  there  is  an  agglutinable  substance  in  the  receiver’s  blood.  Based  on 
the  agglutinating  and  agglutinable  substances,  four  types  of  human 
individuals  occur.  According  to  the  terminology  of  Landsteiner  (Inter¬ 
national)  the  groups  are  designated  according  to  the  agglutinating  sub¬ 
stances  present  in  the  individual  as  /\B,  A,  B,  and  O.  .According  to  the 
Moss  terminology  the  same  groups  are  numl>ered  with  roman  numerals, 
respi'ctively,  I,  II,  III,  and  I\'  (Table  31:2).  The  blood  type  of  an  in¬ 
dividual  is  inherited  and  remaias  the  same  throughout  life.  Blood  types 
similar  to  those  of  man  occur  in  the  anthropoid  apes.  I'hc  blood  of  many 
other  mammals  also  shows  blood  types. 

TABLE  31:2.  'n'PES  OF  INDIVIDUALS  BASED  ON  AGGLLTI.NATLNG  AND 
AGGLUTINABLE  SURSTANCES  IN  THE  BLOOD 

TYPE  OF  INDIVIDUAL  AGGLUTINATING  SI  BSTANCtS  AGGLUTINABLE  SUBSTANCES 

LANDSTEINER  MOSS  IN  RED  CORPUSCLES  IN  PLASMA 


AB 

I 

.\  and  B 

Neither  a  nor  b 

A 

II 

.A  only 

b  only 

B 

III 

B  only 

a  only 

O 

IV 

Neither  A  nor  B 

a  and  b 

W  hen  a  blood  transfusion  is  to  l^e  made  the  blood  ty|>e  of  the  recipient 
must  be  determined,  if  not  already  known  from  a  previous  determination, 
and  the  donor  must  Ix!  chosen  so  that  his  blood  will  not  agglutinate  that 
of  the  recipient.  The  results  of  blood  transfusion  between  individuals  of 
the  dilTerent  blood  types  are  shown  in  Table  31:3.  It  will  be  noted  that 

TABLE  31:3.  RESULTS  OF  BLOOD  TR.VNSFUSION  BEnVEEN  LNDIVIDUALS 
OF  VARIOUS  TYPES 


BLOOD 

T^'PE  OF  DONOR 

AB 

A 

B 

O 

fiu 

o 

b 

a 

ab 

0 

W  t 

.\B 

o 

OK 

OK 

OK 

OK 

cu  ^ 

>  a 

h  a. 

A 

b 

Agglutinates 

OK 

Agglutinates 

OK 

Q  U 
0  W 

B 

a 

Agglutinates 

Agglutinates 

OK 

OK 

w  * 

u 

n 

O 

ab 

.Agglutinates 

Agglutinates 

Agglutinates 

OK 

OK  indicates  a  combination  in  which  agglutination  will  not  occur  and  which  is  therefore 
suitable. 

an  individual  of  type  AB  can  receive  blood  from  any  donor  and  that  an 
individual  of  type  O  may  act  as  donor  to  a  recipient  of  any  of  the  four 
types.  Compatible  donors  and  recipients  are  shown  in  Table  31 :4. 
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RECIPIENT 

DONOR 

AB 

Any  type 

A 

O  or  A 

B 

O  or  B 

O 

O 

O  is  universal  donor 
AB  is  universal  recipient 


6.  BLOOD  TRANSFUSION  AND  PLASAAA  ADMINISTRATION 

Blood  transfusion  is  not  a  new  idea.  However,  two  difficulties  were 
early  encountered.  One  of  these  was  due  to  the  existence  of  the  blood 
types  as  already  explained.  This  difficulty  was  overcome  by  typing  the 
blood  of  the  recipient  and  the  donor  where  a  transfusion  was  to  be  made. 
The  discovery  that  blood  could  be  kept  from  clotting  by  adding  a  small 
quantity  of  sodium  citrate  did  away  with  the  necessity  for  direct  trans¬ 
fusion  from  one  person  to  another  and  led  to  the  establishment  of  blood 
banks  where  blood  of  different  types  can  be  kept  ready  for  immediate 
use.  Since  the  function  of  the  red  corpuscles  is  chiefly  or  entirely  respira¬ 
tory,  and  there  arc  normally  many  more  of  these  in  the  blood  than  are 
required  for  ordinary  respiration,  when  the  loss  of  blood  has  not  been 
too  great  many  of  the  benefits  conferred  by  a  transfusion  of  whole  blood 
may  be  obtained  by  the  administration  of  blood  plasma  only,  i.e.,  blood 
from  which  the  red  corpuscles  have  been  taken  and  which  has  been  pre¬ 
vented  from  clotting.  I’urther,  the  plasma  may  be  dried  lor  storage  and 
trans[)ortation  and  sterile  distilled  water  added  when  it  is  to  be  adminis¬ 
tered.  T  his  has  the  added  advantage  that  agglutination  does  not  occur 
with  plasma  administration  and  it  is  therefore  not  necessary  to  know 
the  blood  type  of  either  the  recipient  or  the  donor.  This  technique  was 
first  used  in  1940.  By  means  of  it  and  the  generosity  of  blood  donors 
millions  of  lives  hav(‘  been  saved. 

7.  KINDS  OF  BLOOD  VESSELS 

T  he  blood  of  vertebrate's  circulates  in  a  closed  system  ol  vessels.  These 
vessels  ('onsist  of  arterie's,  veins,  and  caj)illaries.  1  he  blood  is  carried 
away  from  the'  he-art  anel  te)  the'  tissue's  in  the  arteries.  In  the  tissues  it 
|)asse's  Ire)!!!  the'  arte'rie'S  thre)ugli  c.ipillarics  te)  the  veins.  In  the  veins 
the'  l)le)e)el  passe's  l)ae'k  te)  the*  he'art.  I  he  l)le)e)el  is  always  at  a  highei 
pre'ssure'  in  the'  arte'rie-s  than  in  the'  ve'ins.  Arte'rie'S  always  have  thickei 
'line!  moie'  muse'ular  walls  th.m  ve'ins  e)l  e'e)m|)aral)le  size  (fig.  31.2).  1  he 
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walls  of  all  of  the  blood  vessels  are  elastic,  so  that  when  blood  is  forced 
into  them  they  expand.  The  capillaries  are  exceedingly  small  tubes, 
usually  not  greater  and  often  less  in  diameter  than  the  red  corpuscles, 
so  that  the  latter  have  to  squeeze  through  by  bending  or  twisting.  Their 


Fig.  31:3  Fine  capillaries 
from  the  mesenter>’.  The 
small,  dark,  oval  bodies  are 
the  nuclei  of  the  epithelial 
cells.  From  Kimbcr,  Gray, 
and  Stack|X)le,  Textbook  of 
Anatomy  and  Physiology y  The 
Macmillan  Company. 

pany. 

walls  consist  of  a  single  layer  of  thin,  flattened  epithelial  cells  (Fig.  31:3). 
It  is  through  the  walls  of  the  capillaries  that  all  transfer  of  materials 
between  the  blood  and  the  tissues  occurs. 

8.  THE  CIRCULATION  IN  A  SIMPLE  VERTEBRATE 

It  will  help  us  to  understand  the  circulation  of  the  blood  in  the  frog 
and  man  if  we  study  it  first  in  a  simple  vertebrate,  such  as  the  dogfish 
or  shark  (Fig.  31 :4).  Like  all  fishes  the  dogfish  breathes  by  means  of  gills. 
The  gills,  which  are  highly  vascular  organs,  line  the  walls  of  slits,  gill 
clefts,  which  lead  from  the  cavity  of  the  pharynx  sidewise  on  either  side 
to  the  exterior.  W^ater  is  continually  taken  into  the  mouth  cavity  and 
passed  through  the  pharynx  and  out  at  the  gill  clefts.  Thus  the  gills  are 
continually  bathed  in  a  current  of  fresh  water.  In  the  dogfish  there  are 
six  clefts,  although  the  first  (spiracle)  is  small  and  its  gill  rudimentary. 
For  purposes  of  description  the  gill  clefts  are  numbered  from  anterior 
to  posterior.  The  masses  of  tissue  between  the  gill  clefts  really  form  the 


Fig.  31:2  Transverse  sec¬ 
tion  through  a  small  artcr>' 
and  a  small  vein,  showing  the 
relative  difTerence  in  the 
thickness  of  their  walls.  .After 
Kimber,  Gray,  and  Stackpole, 
Textbook  of  Anatomy  and  Physi- 
ology,  The  Macmillan  C.om- 
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side  walls  of  the  pharynx  and  are  called  gill  arches.  The  first  of  these 
arches  is  in  front  of  the  first  cleft  and  forms  the  lower  jaw.  For  this  rea¬ 
son  it  is  called  the  mandibular  arch. 

The  heart  of  the  dogfish  is  located  ventral  to  the  posterior  end  of  the 
pharynx  in  a  position  which  corresponds  somewhat  to  our  throat.  A 
large  vessel,  the  ventral  aorta,  leaves  the  heart  and  runs  forward  under 


Efferent  branchial  artery 
Precardinal  vein 
Pharynx 
Gill  cleft. 

Spiracle 


Postcardinal  vein 
Coeliac  artery 
Esophagus 


Mesenteric  artery 
Pancreas 

Genital  artery 

Renal  artery 


Caudal  artery 
Caudal  vein 


Mouth 

Afferent  branchial 
artery 

Ventral  aorta 
Conus  arteriosus 

Ventricle 


Rectum 
Spleen 
Intestine 
Hepatic  portal  vein 


Hepatic  vein 
Sinus  venosus 
Auricle 

Fig.  31:4  Diagrainnialic  side  vir“w  (jf  the  circulatory  system  of  a  dogfish.  The  arteries, 
except  the  ventral  aorta  and  the  allereiit  branchial  arteries,  are  in  solid  black,  the  veins 
in  outline. 


the  [)harynx.  d  his  vc.sstd  giv(‘s  rise  to  (i\'e  j)airs  of  arteries  ealled  afferent 
branchial  arteries  which  run  into  the  gill  arches  and  take  the  blood  to 
the  gills.  1  he  allerent  branchial  arteries  end  in  capillary  networks  in  the 
gills.  As  the  blood  pa.sses  through  tlu'se  capillaries  it  is  separated  by  only 
two  tliin  layers  of  cells  from  tlu*  ciirrt'iU  ol  watt‘r  which  is  maintained 
over  the  gills.  f)xygen  dissolved  in  this  water  pa.sses  through  the  walls 
of  the  capillaries  into  the  blood  and  ('arbon  dioxid('  from  the  blood  passes 
out  to  become  dissolved  in  the  water,  from  tlu*  capillaries  ol  the  gills  the 
acTated  blood  j)a.s.ses  into  vessels  calk'd  efferent  branchial  arteries,  eoi - 
resj)onding  to  tin*  all('rent  branchial  .n  t('ri('S.  I  lu'  elh'ient  bianehial 
arteries  l(‘ad  into  a  lartte  ai'tery  called  th<'  dorsal  aorta,  which  luns  doisal 
to  the  |)harynx.  In  the  dollish  tlu'rc'  ar(‘  li\’('  pairs  ol  alh'ient  and  li\( 
pairs  of  ellerent  branchial  arteri('S  running  in  the  second,  third,  louith, 
fifth,  and  sixth  gill  arc'hes. 

'The  dorsal  aorta  runs  posteriorly  through  th('  body  eax'ity  and  into 
the  tail.  (  )n  its  way  it  giv<'s  rise  in  su('('('.ssion  t(^  a  coeliac  artery  to  the 
stomach  and  liv<'r,  a  nie.sentcric  artery  to  tlu'  intestine  and  pancreas. 
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genital  arteries  to  the  gonads,  and  renal  arteries  to  the  kidneys,  besides 
arteries  to  the  muscles  of  the  body  wall  and  fins.  In  these  various  organs 
the  arteries  lead  into  capillaries  putting  the  blood  in  close  contact  with 
the  tissues  so  that  exchanges  of  materials,  such  as  those  outlined  in  the  two 
previous  chapters,  take  place.  From  the  capillaries  the  blood  is  collected 
into  veins  which  take  it  back  to  the  heart. 

The  caudal  vein  takes  the  blood  from  the  tail  to  the  kidneys.  There 
it  passes  into  capillaries.  The  kidney  thus  receives  blood  by  two  different 
routes  —  the  caudal  vein  and  the  renal  arteries.  Blood  is  taken  from  the 
kidney,  gonads,  and  the  muscles  of  the  trunk  by  two  large  paired  veins, 
one  on  either  side  of  the  body,  called  the  postcardinal  veins.  Two  similar 
veins,  called  the  precardinal  veins,  collect  the  blood  from  the  anterior 
of  the  body.  The  precardinal  and  postcardinal  veins  join  on  each  side  to 
form  common  cardinal  veins  which  open  together  into  the  sinus 
venosus. 

T  he  blood  from  the  digestive  tract  is  collected  into  an  hepatic 
portal  vein  which  breaks  up  into  capillaries  in  the  liver.  After  passing 
through  these  capillaries  it  passes  into  the  hepatic  vein  which  opens 
into  the  common  cardinal  veins  where  they  join  to  open  into  the  sinus 
venosus  of  the  heart. 

Bearing  in  mind  that  materials  can  enter  or  leave  the  blood  only 
when  it  is  passing  through  capillaries,  the  course  of  the  blood  through 
the  body  of  the  dogfish  may  be  traced  somewhat  as  follows:  The  blood 
is  pumped  by  the  heart  through  the  ventral  aorta  into  the  gills.  There 
in  capillaries  it  receives  o.xygen  and  givTS  off  carbon  dioxide.  From 
the  gills  it  passes  to  the  dorsal  aorta  which  is  the  main  vessel  distributing 
blood  to  all  parts  of  the  body  excepting  the  head  region.  In  the  various 
tissues  of  the  body  these  arteries  lead  into  more  capillaries,  where  ex¬ 
changes  of  materials  occur  depending  on  the  activities  of  the  particular 
tissues.  Everywhere  oxygen  and  food  materials  pass  out  of  the  blood  into 
the  tissues  and  everywhere  carbon  dioxide  and  waste  materials  pass 
from  the  tissues  into  the  blood.  Blood  is  taken  away  from  this  second 
series  of  capillaries  in  veins.  Some  of  these  veins,  like  those  from  the 
head  region,  the  body  muscles,  and  the  fins  go  directly  to  the  heart; 
the  veins  from  the  intestinal  tract  go  to  capillaries  in  the  liver  to  which 
organ  most  of  the  sugar  absorbed  from  the  digestive  tract  is  transferred ; 
and  lastly  the  veins  from  the  tail  carry  blood  to  capillaries  in  the  kidneys 
where  it  is  relieved  of  nitrogenous  waste  before  it  passes  in  the  postcar¬ 
dinal  veins  to  the  heart.  While  the  blood  may  take  various  pathways  in 
its  circuit  from  the  heart  through  the  body  back  to  the  heart,  it  always 
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passes  through  the  capillaries  of  the  gills  after  leaving  the  heart  and  is 
therefore  always  supplied  with  oxygen. 

The  action  of  the  heart  in  pumping  the  blood  through  the  circulatory 
system  can  be  easily  understood  by  comparing  the  system  with  a  some¬ 
what  simpler  mechanical  arrangement.  Imagine  a  circular  rubber  tube 
(Fig.  31:5)  similar  to  a  bicycle  tire  in  which  two  valves,  a  and  are 
arranged  so  that  water 
can  flow  to  the  left  but 
not  to  the  right.  When  the 
tube  is  squeezed  between 
a  and  b  the  pressure  will 
close  the  valve  at  b  and 
open  that  at  a.  Water  will 
then  flow  out  at  a  and 
cause  the  rest  of  the  tube 
to  expand.  If  now  the 
pressure  is  released  from 
the  portion  of  the  tube 
between  a  and  b^  the  valve 
at  a  will  close,  owing  to 
the  back  pressure  from  the 
expanded  portion  of  the 
tube  and  the  valve  b  will 
be  opened  by  the  same 
pressure  and  wat('r  forced 
into  the  {portion  between  a  and  b.  1  hus  by  alternately  tightening  and 
relaxing  one’s  grip  on  the  poi  tion  of  the  tube  between  a  and  b  watei 
may  be  made  to  flow  r(;und  tlu*  tube  in  a  clockwise  direction. 

d  lie  p(;rtion  of  th(‘  tulx*  fjetwc'cn  a  and  b  corrcs})onds  to  the  heart 
and  its  contraction  to  lh('  heart  b('at.  I  he  flow  ol  the  water  thiough  the 
r(*st  of  th(‘  tul)(‘,  which  c'orrc'sponds  to  the  circulation  of  the  blood,  is 
not  an  ev(‘n  flow,  but  consists  of  a  regular  series  of  spurts,  which  corie- 
S[K)nd  to  the  puls(\ 

d  o  niak<‘  this  sim|)l(‘  (‘\j)eriin(‘nt  simulate  more  nearly  what  goes  on 
ill  llic  circiiliilioii  of  llic  blood  in  llic  iloglish  wc  must  have,  in  place  of 
a  single  eonlr.ieling  portion  ol  the  lube  with  ;i  valve  at  eithei  end,  font 
such' portions,  separated  by  three  valves.  Idirthermore  we  must  make 
the  successive  portions  of  the  tube  eoutraet  in  succession  as  do  the  coriT- 
Spondiuf^  parts  of  the  heart. 

The  heart  of  the  doidtsh  is  really  :i  tube  with  a  succession  ol 


rig.  31:5  Diagram  to  explain  the  pumping  action 
of  the  heart  and  its  elTect  on  the  circulation.  When 
the  portion  between  the  two  valves,  a  and  b,  is  reduced 
in  diameter,  water  is  forced  to  the  left  through  valve 
a  causing  the  rest  of  the  tube  to  expand,  A.  When  the 
picssure  on  the  part  between  a  and  b  is  released  water 
hows  in  through  the  valve  b,  due  to  the  elasticity  of 
the  tube,  B. 
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enlargements  separated  by  valves.  The  enlargements  named  from  pos¬ 
terior  to  anterior,  i.e.,  in  the  order  in  which  the  blood  passes  through 
them,  are  sinus  venosus,  auricle,  ventricle,  and  conus  arteriosus.  The 
sinus  venosus  is  a  thin-walled  sac  which  receives  the  blood  from  the  veins 
and  passes  it  on  to  the  auricle,  through  the  sinuauricular  aperture. 
I'his  aperture  is  guarded  by  a  pair  of  flaplikc  valves  which  prevent  the 
blood  from  flowing  back  into  the  sinus  venosus  from  the  auricle.  The  auri¬ 
cle  which  has  slightly  thicker  walls  than  the  sinus  venosus  passes  the 
blood  to  the  ventricle  through  the  auriculoventricular  aperture.  This 
aperture  is  also  guarded  by  two  flaplikc  valves.  The  ventricle,  which  is 
pear-shaped  and  has  thick  muscular  walls,  by  its  contraction  forces  the 
blood  into  the  conus  arteriosus.  'I'he  conus  arteriosus  contains  valves 
which,  instead  of  consisting  of  pairs  of  flaps,  consist  of  three  flaps  called 
semilunar  valves  which  come  together  to  close  the  passage. 

9.  THE  ARTERIAL  SYSTEM  OF  THE  FROG 

The  tadpole  of  a  frog  resembles  a  fish  in  many  ways.  Like  a  fish  it 
breathes  by  means  of  gills  which  are  supported  by  gill  arches  separated 

Fifth  gill  cleft 


Fig.  31:6  Diagram  of  the  circulation  in  the  anterior  end  of  a  frog  tadpole.  The  first 
gill  cleft  (dotted  in  the  figure)  appears  only  in  the  embryo.  Illa-VIa,  afferent  branchial 
arteries;  IID-VD,  efferent  branchial  arteries.  V,  ventricle,  H,  left  auricle. 

by  gill  clefts.  In  the  tadpole  at  the  time  of  hatching  there  are  indications 
of  six  pairs  of  gill  clefts  corresponding  to  those  of  the  dogfish.  Only  three 
of  these,  the  third,  fourth,  and  fifth,  persist  and  become  functional.  In 
relation  to  these  clefts  are  four  pairs  of  afiferent  and  efiferent  branchial 
arteries,  running  in  the  third,  fourth,  fifth,  and  sixth  arches  and  therefore 
corresponding  to  the  last  four  pairs  of  afiferent  and  efferent  branchial 
arteries  in  the  dogfish  (Fig.  31:6).  The  heart  of  the  embryo  tadpole  is 
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not  unlike  that  of  the  dogfish  and  consists  of  a  sinus  venosus,  an  auricle,  a 
ventricle,  and  a  conus  arteriosus.  The  circulation  of  the  blood  through 
the  body  of  the  embryo  follows  a  scheme  similar  to  that  outlined  for  the 
dogfish. 

The  vascular  system  becomes  modified  when  the  lungs  develop  in  the 
tadpole ;  when  this  occurs  pulmonary  arteries  develop  as  branches  of  the 
last,  or  sixth  pair,  of  efferent  branchial  arteries.  With  the  development 
of  lungs  and  pulmonary  arteries  changes  in  the  heart  occur.  The  single 
auricle  becomes  divided  into  right  and  left  auricles.  The  sinus  venosus 
which,  as  in  the  dogfish,  receives  the  blood  returning  from  the  various 
organs  of  the  body,  remains  connected  with  the  right  auricle,  while  the 
veins  which  bring  the  blood  from  the  lungs,  called  the  pulmonary  veins, 
open  directly  into  the  left  auricle  (Fig.  31:7). 

When  the  tadpole  changes  into  a  frog  it  loses  its  gills  and  further 
changes  occur  in  the  arterial  system.  Of  the  four  pairs  of  afferent  and 
efferent  branchial  arteries,  three,  those  of  the  third,  fourth,  and  sixth 
arches,  remain  and  become  incorporated  in  the  arterial  system  of  the 


Fig.  31:7  Diagraniinatic  side  view  of  tlic  c  irculation  in  the  anterior  portion  of  a  frog. 
I’he  carotid  arch  is  formed  from  the  third  aortic  arch  of  tlie  embryo,  the  systemic  arch 
from  the  fourth  aortic  arch  of  tin*  embryo,  and  the  pulmonary  arch  from  the  sixth  aortic 
arch  of  the  embryo. 

frog.  In  these  pairs  the  (dlerenl  and  alh'rent  arteries  in  each  arch  fuse 
t(j  form  conlimious  arUa  ies.  '\  best'  art'  iht'  arteries  running  in  the  thiid, 
fourth,  and  sixth  art'lu's.  The  arteric'S  ol  the  third  arch  become  the  ca¬ 
rotid  arches  whit'h  supply  blood  to  tht'  head  region,  the  artciics  ol  the 
fourth  areh  beeomt'  tht'  systemic  arches,  which  carry  the  blood  to  the 
dorsal  aorta,  and  the  artt'ries  ol  the'  sixth  areh  become  the  pulmo-cuta- 
neous  arches,  e.teh  ol  which  dividt's  into  a  pulmonary  artery  going  to 
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lour. 


Ventricle 


Urinogenital 


Lumbar 


Fig.  31:8  Diagram  of  the  arterial  system  of  the  frog,  ventral  view.  Since  the  diagram 
shows  a  ventral  view,  vessels  on  the  right  side  of  the  frog  appear  on  the  left  side  in  the 
diagram  and  vice  versa.  R.  aur.,  right  auricle;  L.  aur.,  left  auricle. 

In  the  adult  frog  all  the  blood  to  the  various  organs  of  the  body,  with 
the  exception  of  the  lungs  and  a  portion  of  the  skin,  goes  through  the 
carotid  and  systemic  arches.  These  arteries  with  their  branches  and  con¬ 
tinuations  form  what  is  called  the  systemic  arterial  system  (Fig.  31:8). 
Each  of  the  carotid  arches  ^  divides,  forming  a  lingual  artery  ^  and  a 

^  Called  also  common  carotid  artery. 

2  Called  also  external  carotid  artery. 


the  corresponding  lung  and  a  cutaneous  artery  going  to  the  skin  along 
the  side  of  the  body  (Fig.  31 :7).  It  is  thus  seen  that  the  circulatory  system 
of  the  tadpole,  which  is  adapted  to  breathing  by  means  of  gills,  becomes 
modified  in  the  frog  and  adapted  to  its  method  of  breathing  through  its 
skin  and  lungs. 


Lingual  (externol  carotid)  Corolid  (internal  carotid) 
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carotid  artery  ^  which  near  its  origin  passes  through  a  spongy  network  of 
blood  vessels  called  the  carotid  gland.  The  lingual  arteries  carry  blood 
to  the  ventral  portion  of  the  head  and  tongue,  while  the  carotid  arteries 
supply  blood  to  the  dorsal  portion  of  the  head,  including  the  brain. 

The  two  systemic  arches  unite  dorsal  to  the  pharynx  to  form  the  dorsal 
aorta.  On  their  way  around  the  pharynx  after  leaving  the  heart  and  be¬ 
fore  they  unite,  each  of  the  systemic  arches  gives  rise  to  several  arteries. 
These  are  in  succession  a  laryngeal  artery  to  the  larynx,  esophageal 
arteries  to  the  esophagus,  an  occipito-vertebral  artery  to  the  regions  of 
the  skull  and  vertebral  column,  and  a  large  subclavian  artery  to  the 
shoulder  and  forelimb.  Near  its  point  of  origin  the  dorsal  aorta  gives  rise 
to  the  coeliaco-mesenteric  artery.  This  large  artery  supplies  blood  to 
most  of  the  digestive  organs  in  the  body  cavity.  It  soon  divides  into  a 
coeliac  artery  and  an  anterior  mesenteric  artery.  The  coeliac  artery 
divides  to  form  an  hepatic  artery  to  the  liver,  a  gastric  artery  to  the 
stomach,  and  a  pancreatic  artery  to  the  pancreas.  The  anterior  mesen¬ 
teric  artery  supplies  blood  to  the  spleen  (an  organ  yet  to  be  considered) 
and  the  small  intestine.  Returning  to  the  dorsal  aorta,  as  it  courses  along 
the  dorsal  body  wall  it  gives  off  urinogenital  arteries  to  the  kidneys  and 
the  gonads,  lumbar  arteries  to  the  body  wall,  and  a  posterior  mesenteric 
artery  to  the  large  intestine.  In  the  posterior  part  of  the  body  cavity  the 
dorsal  aorta  bifurcates,  forming  two  iliac  arteries  ^  which  supply  blood 
to  the  hind  legs.  Each  iliac  artery  sends  an  epigastric  artery  to  the  pelvic 
region  and  then  divides,  giving  rise  to  a  femoral  artery  ^  which  goes 
to  the  muscles  and  skin  of  the  thigh  and  a  sciatic  artery  which  supplies 
the  hind  leg.  Ihic  h  of  the  pulmo-('utaneous  arches  divides  to  lorm  a 
pulmonary  artery  to  the  corresponding  lung  and  a  cutaneous  artery 
which  runs  to  th(*  skin  of  the  corresponding  side  of  the  body.  Every¬ 
where  in  th(‘  body  the  hiK'st  branches  of  the  arteries  end  in  capillaries 
and  from  these*  capillaries  the*  blood  goes  into  v^eins  which  carry  it  back 
to  the  heart. 

10.  THE  VENOUS  SYSTEM  OF  THE  FROG 

In  di(*  lungs  th('  blood  Iroin  the  pulmonary  arteries  passes  into  a  net- 
woi'k  of  line  (’apillaries  whic’Ii  extends  oncm*  (In'  whole  inner  surtace, 
se‘j)arated  Irom  (Ik*  air  only  l)\’  a  thin  lining  ol  ('pilhelial  cells.  I  iom  tlu.se 
capillaries  the  blood  is  c'ari*i('d  dirc'c'tly  to  the  lelt  amide  ol  the  luait 

'  C!,illr(l  ;ils()  intrrnal  ramfid  artery. 

^(l.illrd  ,dsr)  roniinon  iliar  artrrlc.s. 

*(lallrd  .dsn  the  external  Iliac. 

^  (  I.ilird  ,dsn  the  intern. d  ili.ic. 
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in  the  pulmonary  veins.  The  blood  from  all  other  parts  of  the  body  passes 
into  the  sinus  venosus  and  from  there  to  the  right  auricle. 

The  sinus  venosus  is  a  large,  thin-walled,  triangular  structure,  the 
base  of  the  triangle  being  directed  anteriorly,  and  the  apex  posteriorly 


Fig.  31:9  Venous  system  of  tlie  frog  seen  from  the  dorsal  side.  From  Holmes,  Biology  oj 
the  Frog,  The  Macmillan  Company. 


(Fig.  31:9).  Three  large  veins  enter  at  the  three  angles  of  the  triangle; 
anteriorly  on  either  side  is  a  precaval  vein,^  posteriorly  is  the  single 
postcaval  vein.^  Following  up  either  of  the  precaval  veins  we  find  that  it 

^  Called  also  anterior  vena  cava.  ^  Called  also  posterior  vena  cava. 
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is  formed  by  the  union  of  three  veins,  an  external  jugular  vein  bringing 
blood  from  the  head  region,  an  innominate  vein  bringing  blood  from  the 
head  and  shoulder,  and  a  subclavian  vein.  The  latter  is  formed  by  the 
union  of  a  musculocutaneous  vein  from  the  skin  and  a  brachial  vein 
from  the  forelimb. 

In  tracing  the  course  of  the  blood  from  the  posterior  portions  of  the 
body  and  the  viscera  it  will  be  best  to  follow  it  from  the  tissues  and  organs 
where  the  smaller  veins  take  their  origin.  The  blood  from  the  hind  legs 
is  not  returned  directly  to  the  heart  but  on  its  way  must  pass  through 
either  the  kidneys  or  the  liver  and,  on  account  of  the  alternate  paths 
which  the  blood  may  take,  the  veins  in  this  part  of  the  body  are  some¬ 
what  complicated.  Two  main  veins,  the  femoral  and  the  sciatic,  bring 
the  blood  from  the  hind  legs,  the  sciatic  from  the  posterior  and  the  femo¬ 
ral  from  the  anterior  side.  After  entering  the  body  cavity  each  fem¬ 
oral  vein  gives  off  a  branch  called  a  pelvic  vein  and  continues  under  the 
name  of  the  renal  portal  vein.  The  pelvic  veins  from  opposite  sides  of  the 
body  unite  to  form  a  median  ventral  abdominal  vein  which  carries 
blood  to  capillaries  in  the  liver.  Each  renal  portal  vein  before  it  enters  the 
kidney  is  joined  by  the  sciatic  vein  of  the  same  side.  In  the  kidneys  the 
renal  portal  veins  divide  up  into  capillaries.  Thus  the  blood  returning  in 
the  femoral  veins  may  go  either  to  capillaries  in  the  kidneys  or  through 
the  abdominal  vein  to  capillaries  in  the  liver,  while  the  blood  which  re¬ 
turns  in  the  sciatic  vein  must  go  to  capillaries  in  the  kidney. 

From  the  capillaries  of  the  kidneys  the  blood,  which  includes  blood 
from  the  posterior  {portions  of  the  body,  both  Irom  the  renal  portal  and 
from  the  renal  arteries,  passes  by  a  series  ol  renal  veins  into  the  large 
postcaval  vein.  1  his  vein  passes  along  the  dorsal  side  ol  the  body  cavity 
close  to  and  parallel  with  the  dorsal  aorta,  and  enters  the  sinus  venosus. 

Wc  have  yet  to  ('(msid(M'  how  the  blood  returns  to  the  heart  from  the 
clig(‘stiv(‘  organs,  blood  which,  it  will  be  remembered,  is  laden  with  the 
products  of  digestion.  This  part  ol  the  circulation  is  called  the  hepatic 
portal  system  and  consists  ol  branches  from  the  various  parts  of  the  di- 
g(!stiv(‘  tract  wliich  join  to  lorm  the  hepatic  portal  vein.  In  the  liver  the 
lu^patic  j)ortal  v(‘in  (livi(l(‘s  up  into  a  network  ol  capillaries.  The  blood 
from  th(‘  capillai'ies  of  the  liv('r  is  eolleeted  into  hepatic  veins  which 
join  the  postc  aval  vein  lu'ar  wlu'n*  it  enters  the  sinus  venosus. 

11.  THE  HEART  OF  THE  FROG 

1  h(‘  pericardial  cavity  which  contains  the  heart  has  already  bec^n 
referrc'cl  to  as  a  sc‘j)ai'atc'  portion  ol  the*  coelom.  1  he  heai  t  (Fig.  31.10) 
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lies  near  the  ventral  surface  of  the  body  but  is  protected  from  injury 
by  the  pectoral  girdle.  The  sinus  venosus,  which  is  dorsal  to  the  rest  of 
the  heart,  opens  into  the  right  auricle  by  the  sinuauricular  aperture. 
This  aperture  is  guarded  by  two  flaps  of  tissue  which  project  into  the 
right  auricle  and  act  as  a  valve  preventing  the  blood  from  backing  up 
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Longitudinal 
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Fig.  31: 10  A  dissection  of  the  heart  of  the  frog  from  the  ventral  aspect.  Drawn  by  B.  B. 
Root  from  Hegner,  College  Zpology^  The  Macmillan  Company. 


into  the  sinus  venosus  when  the  auricle  contracts.  The  pulmonary  veins 
open  directly  into  the  left  auricle  which  is  the  smaller  of  the  two  auricles. 
The  blood  from  the  two  auricles  passes  into  the  single  ventricle  through 
the  auriculoventricular  aperture  which  acts  as  a  common  opening  for 
both  auricles.  Two  large  flaps  of  tissue,  one  on  the  dorsal  and  one  on  the 
ventral  side  of  the  aperture,  form  a  valve  which  prevents  the  return  of 


Art  11  THE  HEART  OF  THE  FROG  605 

the  blood  from  the  ventricle  to  the  auricles.  The  thickness  of  the  walls 
of  the  heart  increases  progressively  from  the  sinus  venosus  to  the  ventricle, 
the  latter  being  the  most  muscular  part  of  the  heart.  From  the  ventricle 
the  blood  goes  to  the  conus  arteriosus,  the  opening  into  which  is  guarded 
by  three  semilunar  flaps  forming  a  valve.  The  conus  arteriosus  is  contin¬ 
uous  with  the  ventral  aorta  which  gives  rise  to  the  aortic  arches. 

As  already  noted,  with  the  development  of  lungs  and  pulmonary 
vessels  the  heart  of  the  frog  becomes  partly  divided,  i.e.,  the  auricle 
becomes  divided  into  right  and  left  auricles  and  the  sinus  venosus  empties 
into  the  right  auricle.  With  these  changes  the  circulation  of  the  blood 
of  the  frog  comes  to  consist  of  two  partially  separated  circuits  each  passing 
through  the  heart.  One  of  these  circuits  takes  the  blood  from  the  heart 
to  the  lungs  and  back  to  the  heart  and  is  called  the  pulmonary  circula¬ 
tion.  The  other,  called  the  systemic  circulation,  takes  the  blood  to  all 
the  various  organs  of  the  body  with  the  exception  of  the  lungs  and  returns 
it  to  the  heart.  The  separation  between  these  two  circulations  is  complete 
in  the  auricles,  the  blood  from  the  lungs  going  to  the  left  auricle  while 
that  from  the  rest  of  the  body  goes  to  the  right  auricle. 

The  two  auricles  contract  simultaneously  and  when  they  do  the  blood 
is  forced  into  the  ventricle.  In  the  ventricle  the  blood  from  the  right  and 
left  auricles  becomes  somewhat  mixed  but  not  so  much  as  it  might  other¬ 
wise  be,  because  the  walls  of  the  ventricle  are  extended  irregularly  into 
its  cavity  giving  it  an  almost  spongy'  structure  in  the  spaces  of  which  the 
blood  tends  to  remain.  When  the  ventricle  contracts  the  blood  passes 
into  the  conus  arteriosus,  d  he  first  blood  to  enter  is  the  blood  from  the 
right  side  of  the  ventricle,  d'his  blood  came  into  the  ventricle  mostly 
from  the  right  auricle,  that  is,  from  the  sinus  v'enosus  and  is  nonaerated 
blood  from  the  systemic  circulation,  d  he  blood  takes  the  path  of  least 
resistance  and  goes  in  the  j:)ulmonary  arch  to  the  skin  and  lungs.  The 
next  blood  to  entcT  the  conus  is  that  from  the  median  portion  of  the  v^en- 
triclc  and  consists  of  j^artially  mixed  blood  which  goes  into  the  systemic 
arches  since  they  offer  less  resistance  than  the  carotid  arches.  The  carotid 
arch(‘s  which  go  to  (h(‘  head  region  and  the  brain  receive  the  blood  from 
the  l(‘ft  side  of  the  \’('n(riel('  which  came  there  from  the  left  amide.  This 
blood  came  to  the  l(‘ft  auricle  from  the  lungs  and  is  therefore  aerated 
blood.'  d'hus  l)y  the  division  of  the  originally  single  auricle  into  right 
and  l('ft  auricles  the  single  circulation  characteristic  of  the  fish  and  the 
embryo  tadpole  is  changed  into  two  circulations,  one  of  which,  the  pul¬ 
monary  circulation,  takes  the  blood  received  from  the  body  and  passes 

‘  Thr  lonRitiutinal  vtilvr  In  the  roruis  arteriosus  undoubtedly  also  plays  a  part  in  the  scpaia- 
tion  of  tlic  two  kinds  of  blood  but  its  .u  lion  is  not  clearly  undcistood. 
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it  to  the  lungs  while  the  other,  the  systemic  circulation,  takes  the  aerated 
blood  received  by  the  heart  from  the  lungs,  distributes  it  to  the  body, 
and  returns  it  to  the  heart. 

12.  THE  ARTERIAL  SYSTEM  OF  MAN 

Although  the  human  embryo  docs  not  breathe  by  means  of  gills  at 
any  period  in  its  life,  at  a  certain  stage  in  its  development  there  appear 
five  pairs  of  gill  clefts,  and  six  pairs  of  gill  arches,  similar  to  those  of  the 


artery 


aorta 


Fig.  31:11  Head  of  a  human  embr^'o,  side  view,  showing  the  development  of  the 
arterial  system.  I,  II,  III,  IV,  V,  VI,  aortic  arches.  I,  II,  and  V  do  not  persist,  while 
III  forms  the  internal  carotid  arteries,  IV  forms  a  portion  of  the  dorsal  aorta,  and  VI 
forms  the  pulmonary  arteries  of  the  adult.  Redrawn  after  Patterson,  Embryology^  by  per¬ 
mission  of  the  Oxford  University  Press. 

dogfish  and  the  tadpole  (Fig.  31 :1 1),  excepting  that  in  the  human  embryo 
the  “clefts”  do  not  normally  open  to  the  exterior  but  show  as  grooves 
on  the  sides  of  the  head  and  neck  and  the  inside  of  the  pharynx.  In  the 
gill  arches  are  aortic  arches  connecting  the  ventral  aorta,  which  is  a 
double  vessel,  with  the  dorsal  aorta,  which  is  also  a  double  vessel. 

After  birth,  in  man  and  in  mammals  generally  the  function  of  pumping 
the  blood  through  the  lungs  is  taken  over  by  the  right  side  of  the  heart, 
while  that  of  pumping  the  blood  through  the  systemic  circulation,  which 
includes  all  the  rest  of  the  body,  is  carried  out  entirely  by  the  left  side 
of  the  heart.  In  consequence  of  this  division  of  labor  the  heart,  which  in 
the  embryo  begins  as  a  single  tube,  becomes  completely  divided  into  right 
and  left  halves. 


Art  12  THE  ARTERIAL  SYSTEM  OF  MAN 


607 


In  the  course  of  development  the  blood  vessels  of  the  embryo  noted 
above  become  modified  into  those  of  the  human  adult  (Fig.  31:12). 
The  first  two  pairs  of  aortic  arches  disappear.  The  third  pair  of  arches 
with  the  portions  of  the  dorsal  aortae  in  front  of  them  become  the  in¬ 
ternal  carotid  arteries  while  the  corresponding  portions  of  the  ventral 
aortae  form  the  external  carotid  arteries.  The  portions  of  the  ventral 
aortae  between  the  third  and  fourth  arches  become  the  common  carotid 
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Fig.  31:12  A  diagram  of  the  main  large  arteries  in  the  human  arterial  system.  Since 
the  diagram  represents  a  ventral  view,  arteries  on  the  right  of  the  subject  appear  on  the 
left  in  the  diagram. 


arteries,  while  the  corresponding  portions  of  the  dorsal  aortae  disappear. 
Of  the  fourth  aortic  arches,  which,  it  will  be  remembered,  foim  in  the 
frog  the  systemic  arches,  that  on  the  right  becomes  the  right  subclavian 
artery,  while  that  on  the  left  persists  as  the  aortic  arch  connecting  the 
ventral  and  dorsal  aortae,  the  left  subclavian  artery  being  developed 
independently  of  the  gill  arches.  In  the  form  which  the  arterial  system 
finally  takes  the  right  common  carotid  and  the  right  subclavian  arteries 
do  not  arise  separately  from  the'  aorta  but  as  branches  of  a  short  innomi¬ 
nate  artery  which  ce)nnects  tlu'in  with  the  aorta.  1  he  right  and  left  in- 
te'rnal  carotids  supply  blood  to  the  brain  and  eye,  the  external  carotids 
te)  the'  throat,  tongue,  and  face.  The  subclavian  arteries  supply  blood  to 
I  he-  arms. 
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After  entering  the  peritoneal  cavity  the  dorsal  aorta  gives  rise  in  suc¬ 
cession  to  coeliac,  superior  ^  mesenteric,  and  inferior  mesenteric  ar¬ 
teries.  The  coeliac  artery  divides,  giving  rise  to  arteries  which  go  to  the 
stomach,  spleen,  and  liver.  The  superior  mesenteric  artery  goes  to  the 
small  intestine  and  the  ascending  colon,  while  the  inferior  mesenteric 
artery  goes  to  the  descending  colon,  and  the  rectum.  In  the  pelvic  region 
the  dorsal  aorta  divides  to  form  right  and  left  common  iliac  arteries, 
each  of  which  divides  again  into  an  external  and  an  internal  iliac 
artery.  The  internal  iliac  artery  goes  to  the  viscera  in  the  pelvis  while 
the  external  iliac  artery  becomes  the  femoral  artery  which  supplies  the 
leg. 

When  the  conus  arteriosus  of  the  embryo  becomes  divided  into  right 
and  left  halves  the  aorta  becomes  continuous  with  the  left  half  and  con¬ 
nected  with  the  left  ventricle.  The  fifth  pair  of  aortic  arches  disappear 
in  man  as  they  do  in  the  frog.  The  sixth  pair  of  aortic  arches  become 
the  pulmonary  arteries  and  being  continuous  with  the  right  half  of  the 
conus  arteriosus  are  connected  with  the  right  ventricle. 

In  the  course  of  this  study  of  the  arterial  systems  of  the  dogfish,  frog, 
and  man  we  have  been  able  to  trace  how  a  circulatory  system,  which  in 
the  beginning  was  adapted  to  an  aquatic  existence  and  respiration  by 
means  of  gills,  has  become  gradually  modified  and  adapted  to  the  needs 
of  a  terrestrial  existence  and  respiration  by  means  of  lungs.  Not  only  can 
we  trace  this  modification  from  the  dogfish,  through  the  frog,  to  the  adult 
man  but  we  are  able  also  to  see  how  the  embryos  of  the  frog  and  of  man 
have  systems  of  circulation  closely  resembling  that  of  the  dogfish,  repeat¬ 
ing  as  it  were  an  ancestral  condition.  The  study  of  the  arterial  systems  of 
vertebrates  provides  one  of  the  best  examples  of  what  is  known  as  the 
theory  of  recapitulation  which  states  that  an  individual  in  its  develop¬ 
ment  passes  through  a  series  of  stages  which  correspond  to  the  adult 
stages  of  species  from  which  it  was  descended. 

13.  THE  VENOUS  SYSTEM  OF  AAAN 

We  will  not  attempt  to  trace  the  development  of  the  venous  system  in 
man  but  merely  describe  it  in  the  adult  (Fig.  31:13).  A  single  large  vein 
called  the  superior  vena  cava  or  precava  brings  the  blood  from  the 
upper  part  of  the  body  to  the  right  auricle.  This  vein  is  formed  by  the 
union  of  two  innominate  veins,  one  from  each  side  of  the  body.  Each 

^  On  account  of  man’s  erect  posture  the  terms  “superior”  and  “inferior”  are  commonly  used 
in  human  anatomy  in  place  of  the  terms  “anterior”  and  “posterior”  used  to  express  the  same 
anatomical  relations  in  the  frog  and  other  animals. 
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innominate  vein  is  formed  by  the  union  of  an  internal  jugular,  an  exter¬ 
nal  jugular,  and  a  subclavian  vein.  The  internal  jugular  brings  blood 
from  the  brain,  the  external  jugular  from  the  face,  and  the  subclavian 
from  the  arm.  From  the  abdomen  and  the  lower  part  of  the  body  the 
blood  goes  to  the  heart  in  the  inferior  vena  cava  or  postcava.  Just  below 
the  diaphragm  it  receives  the  hepatic  veins  from  the  liver.  In  the  peri¬ 
toneal  cavity  it  receives  the  renal  veins  from  the  kidney  and  veins  from 


Fig.  31:13  A  diagram  of  the  human  venous  system,  ventral  view. 


the  abdominal  wall.  Near  die  pelvis  it  takes  its  origin  from  the  union  of 
a  right  and  a  left  common  iliac  vein.  The  common  iliac  veins  are  each 
formed  by  the  union  of  an  external  and  an  internal  iliac  vein.  The 
internal  iliac  veins  receive  blood  from  the  viscera  of  the  pelvis,  while 
the  external  iliac  veins  arc  the  continuations  of  the  femoral  veins  from 
the  legs.  In  man  all  the  blood  from  the  legs  returns  directly  to  the  heart 
and  blood  comes  to  the  kidneys  only  l)y  way  of  the  renal  arteries.  It  will 
be  remembered  that  in  the  Irog  blood  comes  to  the  kidneys  not  only  in 
the  renal  arteri(‘s  but  also  in  the  renal  |)ortal  veins,  vessels  which  are 
not  present  in  the  circulatory  system  ol  man. 

d  h(*  hepatic  portal  system  of  veins  in  man  is  similar  to  that  in  the  frog. 
|jloo(l  is  ('olle('t('(l  from  tlu'  stomach,  the  small  intestine,  and  the  laigc 
inlesline  and  eariT'd  to  capillaries  in  the  liver.  From  the  liver  the 
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blood  is  carried  in  the  hepatic  veins  to  the  inferior  vena  cava  as  already 
mentioned. 


14.  THE  HUMAN  HEART 

In  the  human  heart  (Fig.  31:14)  the  sinus  venosus,  which  in  the  frog 
opens  into  the  right  auricle,  becomes  united  with  the  right  auricle  so 


Left  common  carotid 


Right  innominate 
Superior  vena  cava 

Pulmonary  vein 

Right  auricle 

Tricuspid  valve 
Right  ventricle 

Inferior  vena  cava 


Left  subclavian 
Dorsal  aorta 


Pulmonary  artery 
Left  auricle 


Pulmonary  vein 
Bicuspid  valve 

Left  ventricle 


Dorsal  aorta 


Anterior  vena  cava 


Fig.  31:14  The  mammalian  heart.  Above  dissected  to  show  the  interior.  Redrawn 
after  Adams,  An  Introduction  to  the  Vertebrates^  by  permission  of  John  Wiley  &  Sons.  Below 
diagrams  showing  the  heart  in  action.  Shaded  areas  indicate  contracted  muscles. 

that  the  veins  bringing  the  blood  from  the  body  in  the  systemic  circula¬ 
tion  appear  to  open  directly  into  that  auricle.  In  the  right  auricle  the 
sinus  venosus  is  represented  by  an  important  structure  called  the  sinu- 
auricular  node  which  will  be  referred  to  later.  The  right  auricle  com¬ 
municates  with  the  right  ventricle,  the  opening  being  guarded  by  a 
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valve  consisting  of  three  flaps  and  hence  called  the  tricuspid  valve. 
From  the  right  ventricle  the  blood  goes  to  the  pulmonary  artery,  the 
entrance  to  which  is  guarded  by  semilunar  valves.  In  the  pulmonary 
arteries  the  blood  is  taken  to  the  lungs. 

The  pulmonary  veins  open  into  the  left  auricle,  as  in  the  case  of  the 
frog.  The  left  auricle  opens  into  the  left  ventricle  by  an  opening  guarded 
by  a  valve  composed  of  two  flaps  and  therefore  called  the  bicuspid 
valve.  In  consequence  of  the  greater  force  required  to  send  the  blood 
through  the  systemic  circulation  the  left  ventricle  is  larger  and  more 
muscular  than  the  right.  The  aorta  arises  from  the  left  ventricle  and 
contains  semilunar  valves  near  its  point  of  origin. 

For  a  clear  understanding  of  the  circulation  of  the  blood  in  man  it 
is  important  to  understand  that  the  heart  consists  of  two  complete  and 
separate  pumps.  That  of  the  right  side  may  be  called  the  pulmonary 
pump,  that  of  the  left  side  the  systemic  pump.  In  forcing  the  blood 
through  its  particular  part  of  the  general  circulation  each  pump  goes 
through  a  cycle  in  which  the  auricle  and  ventricle  are  alternately  relaxed 
and  contracted.  The  auricles  and  ventricles  of  opposite  sides  relax  and 
contract  simultaneously,  but  apart  from  this  each  side  of  the  heart  may 
be  considered  as  a  separate  mechanism. 

We  will  consider  first  the  pulmonary  pump  which  consists  of  the  right 
auricle  and  the  right  ventricle.  When  the  right  auricle  is  relaxed,  blood 
flows  into  it  from  the  systemic  circulation  through  the  superior  and  in¬ 
ferior  venae  cavac.  While  this  is  occurring  the  tricuspid  valve  guarding 
the  opening  to  the  ventricle  is  closed  so  that  the  auricle  becomes  filled 
with  blood.  When  this  occurs  the  muscles  of  the  auricle  begin  to  contract 
and  since  at  this  time  the  muscles  of  the  ventricle  are  relaxed  the  tricuspid 
valve  opens  and  blood  flows  from  the  auricle  into  the  ventricle.  Now 
follows  the  contraction  of  the  right  ventricle  and  the  closing  of  the  tricus¬ 
pid  valve,  due  to  the  fluid  pressure  developed  there  being  greater  than 
in  the  auricle  which  f)(‘gins  to  relax.  I  he  mounting  pressure  in  the  ven¬ 
tricle  causes  the  semilunar  valves  in  the  pulmonary  artery  to  open.  The 
muscles  of  tlu*  ventricle'  continue  to  contract,  and  the  blood  is  driven 
through  the  pulmonary  art('ri('s  into  and  through  the  capillaries  of  the 
lungs.  TVom  the  lungs  the  blood  is  carried  in  the  pulmonary  veins  to  the 
left  auricle. 

The  systemic  pumj)  consists  of  the  left  auricle  and  the  left  ventiiclc. 
It  drives  the  blood  through  all  the'  organs  and  tissues  of  the  body  except 
tlu'.  lungs.  When  the'  le'lt  auricle'  is  relaxe'd  the  blood  from  the  pulmonary 
veins  flows  into  it ;  aud  siiu'c  the'  bicuspid  valve  is  closed  it  becomes  filled. 
'Fhe  left  auricle  now  contracts  aud,  as  the  fluid  pressure  within  it  increases 
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and  the  muscles  of  the  ventricle  remain  relaxed,  the  bicuspid  valve  opens, 
allowing  the  blood  to  flow  into  and  fill  the  left  ventricle.  When  filled  the 
left  ventricle  begins  to  contract  and,  as  the  pressure  within  it  gradually 
increases,  first  the  bicuspid  valves  are  closed  and  then  the  semilunar 
valves  of  the  aorta  open.  As  the  muscles  of  the  ventricle  continue  to  con¬ 
tract  the  blood  is  driven  through  the  aorta  and  its  various  branches, 
and  sufficient  pressure  is  maintained  to  force  it  through  the  capillaries 
of  the  systemic  circulation.  From  these  capillaries  the  blood  passes  into 
the  veins.  It  eventually  reaches  the  anterior  or  posterior  vena  cava  and  is 
delivered  to  the  right  auricle  to  be  pumped  to  the  lungs  and  go  through 
another  cycle. 

While  the  blood  passes  through  the  two  separate  circulations,  the  pul¬ 
monary  and  the  systemic  in  sequence,  the  two  pumps  represented  by  the 
right  and  left  sides  of  the  heart  act  simultaneously  so  that  the  right  and 
left  auricles  contract  together  and  the  right  and  left  ventricles  contract 
together.  In  a  normal,  healthy,  resting  adult  the  heart  beats,  i.e.,  the 
auricles  and  ventricles  contract,  sixty-five  to  eighty  times  per  minute  or 
a  little  over  once  per  second  depending  on  age  and  other  constitutional 
factors.  It  does  this  with  a  regularity  which  rivals  that  of  the  second  hand 
of  a  watch. ^  The  heart  is  not  only  remarkably  regular  in  its  beating; 
it  beats  continuously  from  before  birth  to  death.  One  may  well  ask  by 
what  mechanism  this  is  achieved. 

It  is  not  surprising  to  learn  that  an  organ  as  important  for  the  body 
as  the  heart  is  controlled  not  in  one  but  in  a  numlx?r  of  different  ways. 
A  frog’s  heart,  when  taken  out  of  the  body  and  completely  disconnected 
from  the  brain  and  spinal  cord,  will  continue  to  beat  regularly.  It  is 
comparatively  easy  to  show  experimentally  that  in  the  frog  heart  the 
“pace”  is  set  by  the  sinus  venosus,  i.e.,  that  the  rate  of  beat  of  the  other 
parts  of  the  heart  (auricle  and  ventricle)  depends  on  the  rate  at  which 
the  sinus  venosus  goes  through  its  cycle.  In  man  the  pace  is  set  by  the 
sinuauricular  node.  However,  in  the  intact  animal  the  heart  is  not  free 
from  nervous  control.  Stimulation  of  the  tenth  cranial  or  vagus  nerve 
causes  a  slowing  down  of  the  heartbeat  and  when  the  stimulus  is  suffi¬ 
ciently  intense  the  heart  is  stopped.  This  action  of  the  vagus  is  referred  to 
as  “inhibition  of  the  heart.”  Other  nerves  when  stimulated  accelerate 
the  heart.  These  nerves  affect  chiefly  the  sinus  venosus  in  the  frog  and  the 
sinuauricular  node  in  man.  Further  experiments  have  shown  that  there 
exist  on  each  side  of  the  hind  brain  (medulla)  centers  which  control  the 

^  It  is  interesting  to  note  in  this  connection  that  Galileo  in  experiments  which  are  often  re¬ 
garded  as  marking  the  starting  point  of  modern  science,  timed  his  falling  bodies  by  counting 
his  pulse. 
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heart.  One  pair  of  these,  called  the  cardioinhibitor  centers,  inhibit  the 
heart  through  the  vagus  as  already  noted.  The  other  pair,  called  the 
cardioaccelerator  centers,  accelerate  the  heart  through  the  sympathetic 
system. 

The  pulse,  which  can  be  felt  in  various  parts  of  the  body  such  as  the 
neck,  ankle,  or  wrist  is  due  to  the  wave  of  blood  pressure  which  passes 
along  the  systemic  arteries  each  time  the  left  ventricle  contracts.  It  occurs 
slightly  after  the  contraction  of  the  ventricle  but  of  course  has  the  same 
rhythm.  The  term  blood  pressure  is  usually  applied  to  the  fluid  pressure 
in  a  blood  vessel.  It  varies  along  the  length  of  an  artery,  being  greatest 
nearest  to  the  heart  and  gradually  falling  off  in  the  capillaries  and  veins. 
It  is  usually  determined  by  the  physician  for  the  brachial  artery  just 
above  the  elbow  where  the  pressure  corresponding  to  the  peak  of  the 
ventricular  contraction  is  normally  equivalent  to  120  to  140  millimeters 
of  mercury.  At  the  beginning  of  the  capillaries  the  blood  pressure  is  still 
relatively  high,  being  equivalent  to  40  to  60  millimeters  of  mercury. 
At  the  venous  ends  of  the  capillaries  it  is  much  lower,  being  equivalent 
to  only  15  millimeters. 

This  difference  in  blood  pressure  at  the  beginning  and  ends  of  the 
capillaries  is  of  great  importance  in  the  transfer  of  materials  from  the 
capillaries  to  the  tissues  and  vice  versa.  At  the  beginning  of  the  capillaries 
the  blood  pressure  is  greater  than  the  osmotic  pressure  of  the  blood. 
Hence  the  plasma  and  the  diffusible  materials  which  it  contains,  includ¬ 
ing  oxygen,  salts,  and  sugar,  diffuse  out  into  the  tissue  spaces  and  become 
part  of  the  lymph.  At  the  venous  end  the  blood  pressure  is  less  than  the 
osmotic  pressure  of  the  blood  in  the  capillaries,  and  in  consequence 
tissue  fluids,  containing  carbon  dioxide  and  waste  products,  diffuse  into 
the  capillaries. 

15.  THE  SPLEEN 

The  s|)leen  in  the  frog  is  a  small,  spherical,  dark-colored  body  in  the 
mesent(‘ry  not  far  from  the  stomach.  In  man  it  is  an  irregularly  shaped 
body  about  3  or  4  inclu's  in  diameter  located  behind  the  stomach.  It 
acts  as  a  n^servoir  in  which  blood  may  be  stored  to  be  released  into  the 
circulation  wIkmi  u('(‘(1(‘(1.  It  is  under  control  of  the  autonomic  nervous 
system  (C:hap.  32).  VVh(‘n  blood  is  lost  by  profuse  bleeding  the  smooth 
rnuscl(‘S  surrounding  th(‘  sph'c'u  contract,  reducing  its  size  and  forcing 
blood  into  the  splenic'  vc'ins.  This  also  occurs  in  times  of  emergency,  such 
as  those',  which  cause  adn'nalin  to  be  poured  into  the  blood  (sec  Chap. 
34). 
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16.  THE  LYMPHATIC  SYSTEM 

In  most  cases  the  cells  of  the  tissues  of  the  body  are  more  or  less  looseh 
fitted  together  so  that  small  irregular  spaces  occur  between  them.  These 
spaces  are  filled  with  a  fluid  called  lymph.  The  liquid  part  of  the  lympl 
resembles  the  plasma  of  the  blood  from  which  it  arises  by  diffusion  am 


Fig.  31:15  Diagram  of  the  human  lymphatic  system,  partly  adapted  from  Zoethout 
and  Tuttle,  Textbook  of  Physiology^  The  C.  V.  Mosby  Company. 

filtration  through  the  walls  of  the  capillaries.  It  usually  contains  less 
protein  substance  than  the  blood  and  may,  as  in  the  case  of  the  lacteals, 
contain  considerable  quantities  of  fat  in  the  form  of  small  globules.  The 
leucocytes  of  the  blood  frequently  wander  through  the  walls  of  the  capil¬ 
laries  and  are  found  in  the  lymph. 
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In  the  frog  there  are  no  regular  lymphatic  vessels  like  the  vessels  which 
:arry  the  blood.  The  lymph,  however,  collects  in  lymph  spaces  in  certain 
Darts  of  the  body,  particularly  under  the  skin  and  between  the  vertebral 
:olumn  and  the  body  cavity.  From  these  spaces  the  lymph  is  pumped 
Dy  lymph  hearts  into  the  venous  system.  Two  of  these  lymph  hearts  occur, 
Dneon  either  side  of  the  third  vertebra,  and  pump  lymph  into  the  vertebral 
/eins  which  are  branches  of  the  internal  jugulars.  The  other  two  lie  on 
dther  side  of  the  tip  of  the  urostyle  and  pump  lymph  into  branches  of  the 
xansverse  iliac  veins  which  provide  cross  connections  between  the  sciatic 
md  femoral  veins.  If  it  were  not  for  the  action  of  the  lymph  hearts,  the 
rog’s  body  would  become  waterlogged.  The  lymph  hearts  pump  the 
excess  fluid  from  the  tissues  into  the  blood  stream  and  from  there  it  is 
excreted  by  the  kidneys. 

In  man  there  are  definite  lymph  capillaries  which  join  to  form  larger 
ymph  vessels  called  lymphatics  (Fig.  31:15).  These  latter  lead  into  two 
Tiain  vessels.  One,  called  the  thoracic  duct,  runs  along  the  dorsal  wall 
Df  the  upper  part  of  the  abdomen  and  thorax  and  empties  into  the  left 
innominate  vein;  the  other,  called  the  right  thoracic  duct,  is  much 
jmaller  and  joins  the  right  innominate  vein.  There  are  no  lymph  hearts 
in  man,  the  lymph  being  moved  largely  by  the  general  muscular  move¬ 
ments  of  the  body. 

In  man  and  the  frog  the  fluid  which  fills  the  cavities  in  the  body 
is  also  part  of  the  lymph,  although  in  these  cavities  it  receives  special 
names.  These  lymph-filled  cavities  include  the  pleural  cavities,  the  peri¬ 
cardial  cavity,  the  peritoneal  cavity,  and  the  synovial  cavities  of  the 
joints. 

17.  THE  INTERNAL  MEDIUM 

I  he  lymph  in  which  most  ol  the  ('('11s  ol  the  body  are  bathed  forms  their 
environment,  just  as  tlu*  jiond  water  lorms  the  environment  of  an 
amo(*l)a.  This ('nviromiu'nl  ol  th(' c('lls  ol  tlu'  body,  referred  to  in  an  earliei 
c[iaj)t(a'  as  the  internal  m('(rium,  is  (h'tc'rinined  largely  l)y  the  composition 
of  the  blood  and  its  ('iix  nlation  through  tlu' body.  Any  change  in  the  blood 
immediat(‘ly  leads  to  a  ehangi'  in  tlu'  int('rnal  medium  and  any  change 
in  the  flow  of  the  blood  tlu'ouLfli  th('  body  ehanges  the  rate  of  diffusion 
be(we(‘n  the  eapillaries  and  tlu*  internal  nK'diuin.  Hence  the  impoi tance 
of  th('  ('ir('ulati()n  in  maintaining  the  constancy  ol  the  internal  medium, 
d’he  prope?'  ('onijiosit ion  and  tlu'  etjiistaiu'y  (T  the  internal  medium  au 
('ssf'niial  lor  the  prop('r  runetioning  ol  the  dillcrent  oigans  of  th( 
be  uly. 
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Questions 

1.  Describe  the  blood  of  man  and  compare  it  with  that  of  the  frog. 

2.  Discuss  the  functions  of  the  blood. 

3.  How  would  you  distinguish  l^ctwccn  an  artery,  vein,  and  a  capillary 
(a)  structurally  and  (d)  functionally? 

4.  Trace  the  course  of  the  circulation  in  a  simple  vertebrate  such  as  the  dog¬ 
fish. 

5.  Trace  a  path  which  might  l^e  taken  by  a  blood  corpuscle  in  a  frog  in  going 
(fl)  from  the  stomach  to  a  lung,  (I?)  from  a  hind  leg  to  the  heart,  (r)  from  a 
lung  to  the  head. 

6.  Describe  the  two  paths  which  a  frog’s  blood  corpuscle  may  take  in  returning 
from  the  hind  leg  to  the  heart. 

7.  Trace  a  path  which  a  human  blood  corpuscle  might  take  from  the  time  it 
leaves  a  capillary  in  the  lung  until  it  returns  to  a  capillary  there.  (Note  that 
there  is  a  double  circulation  in  man  and  that  the  corpuscle  must  pass 
through  the  heart  twice.) 

8.  What  advantages  has  the  human  circulatory  system  over  that  of  the  frog? 

9.  Where  is  the  blood  richest  in  oxygen?  In  carbon  dioxide?  Where  is  the  blood 
richest  in  urea?  Where  is  it  poorest  in  it? 

10.  Why  are  the  terms  “pure”  and  “impure”  blood  unsatisfactory? 

11.  How  does  lymph  diflfer  from  blood? 

12.  Where  does  the  lymph  enter  the  venous  system  in  the  frog?  In  man? 

13.  Of  what  advantage  is  it  to  the  body  to  have  a  constant  internal  medium? 


SUGGESTIONS  FOR  FURTHER  READING 


677 


Suggestions  for  Further  Reading 

\mberson,  William  R.,  and  Dietrich  C.  Smith,  Outline  of  Physiology^  F.  S.  Crofts 
&  Co.,  New  York,  1939,  Chaps.  XVI  and  XVII. 

3est,  Charles  H.,  and  Norman  B.  Taylor,  The  Living  Body,  A  Text  in  Human 
Physiology,  Henry  Holt  and  Company,  Inc.,  New  York,  1938,  Chap.  III. 
K.imber,  Diana  C.,  Carolyn  E.  Gray  and  Caroline  E.  Stackpole,  Textbook  of 
Anatomy  and  Physiology,  The  Macmillan  Company,  New  York,  1935,  Chaps. 
XI-XV. 


> 

CHAPTER  32  I 

The  Nervous  System  J 


I 


- 1 

The  vertebrate  nervous  system  is  made  up  of  three  main  parts:  th( 
central  nervous  system,  which  consists  of  the  brain  and  spinal  cord;  th( 
peripheral  nervous  system,  consisting  of  the  nerves  to  the  various  organs 
and  tissues;  and  the  autonomic  system,  which  includes  ganglia  or  groups 
of  nerve  cells  located  in  different  parts  of  the  body  exercising  control  ol 
the  viscera  and  blood  vessels. 

1.  THE  NERVE  CELL  OR  NEURON 

The  unit  of  structure  of  the  nervous  system  is  the  nerve  cell  or  neuron. 
Just  as  in  the  digestive  system  the  processes  of  secretion,  absorption,  and 
assimilation  are  carried  on  by  the  individual  cells,  so  in  the  nervous 
system  the  impulses  which  activate  and  control  the  organs,  tissues,  and  i 
cells  of  the  body  are  originated  and  are  distributed  by  cells.  The  most 
conspicuous  feature  of  a  nerve  cell  is  the  prolongation  of  its  protoplasm 
into  long,  fine  processes  (Fig.  32:1).  So  long  and  so  fine  are  these  processes 
that  it  would  be  practically  impossible  for  the  eye  to  see  all  of  such  a 
nerve  cell  at  one  time,  even  if  the  cell  could  be  completely  isolated  from 
the  surrounding  tissues.  A  magnification  which  makes  the  cell  with  its 
processes  visible  would  make  the  processes  of  such  a  length  that  they 
disappeared  in  the  distance.  The  cell  body  of  the  neuron  shown,  i.e., 
the  cell  minus  its  processes,  is  found  in  the  ventral  (in  man  the  anterior) 
part  of  the  spinal  cord.  It  contains  a  nucleus  with  a  well-defined  nu¬ 
cleolus. 

Two  kinds  of  protoplasmic  processes  go  out  from  the  cell  body.  One 
kind,  called  dendrites,  are  relatively  thicker,  are  granular  as  they  leave 
the  cell,  and  extend  in  all  directions,  branching  in  a  rooflike  fashion. 
The  other  kind  is  represented  by  a  single  long  process  called  the  axon, 
which  arises  from  a  cone-shaped  projection  of  the  cell  and  is  relatively 
678 
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hinner  and  longer  than  the  dendrites.  If  the  neuron  illustrated  happened 
o  be  one  of  those  which  supply  fibers  to  the  muscles  of  the  foot  or  hand 
he  length  of  the  axon  might  be  a  meter  or  more.  The  cell  body  has 
)een  drawn  at  a  magnification  of  four  hundred.  Thus  if  the  axon  were 


Fij?.  32:1  A  lUMiron.  '\  \\r  inrdullary  shrath  is  lu'ir  indicated  as  a  thick  clear  area 
surrounding^  the  axon.  'I  he  cells  of  the  neurilemma  are  exceedingly  thin  and  except  tor 
their  nu(  lei  are  indicated  hy  lines  .surrounding  the  medullary  sheaths.  From  Kimber, 
dray,  and  Stackpoh',  'fr.xthook  of  Analowy  and  rhysiolagy,  T’he  Macmillan  Company. 


niwii  lo  the  s:uuc  scale,  it  would  extend  for  400  inclcrs  or  about  M  mile, 
he  axon  may  giv<-  olf  a  IVw  collateral  branches  before  reaching  the 
ausele.  In  the  mnsele  the  axon  divides  to  form  branches  which  go  to 
lie  individtinl  mttsclo  cells. 

I'or  most  of  its  length  th<-  axon  is  enclosed  in  two  cylindrical  sheaths. 
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The  inner  of  these  is  called  the  medullary  sheath  and  is  composed  of  al 
fatty  substance.  The  outer  is  called  the  neurilemma  and  consists  of  thin, 
elongated  cells  wrapped  round  the  medullary  sheath.  At  fairly  frequent 
intervals,  usually  of  less  than  1  millimeter,  the  medullary  sheath  is  inter¬ 
rupted  at  the  nodes  of  Ranvier.  At  these  nodes  the  neurilemma  seems  to 
come  directly  in  contact  with  the  axon.  The  nuclei  of  the  cells  of  the 
neurilemma  occur  between  the  nodes  of  Ranvier.  It  is  believed  that  the 
function  of  the  medullary  sheath  is  to  keep  the  nerv'e  impulse  traveling 
within  the  axon,  in  other  words  to  act  as  an  insulator,  while  the  function 
of  the  neurilemma  seems  to  be  to  pass  nourishment  to  the  protoplasm 
of  the  axon  at  the  nodes  of  Ranvier. 

The  above  description  applies  more  particularly  to  a  motor  neuron, 
i.e.,  a  neuron  which  conducts  nerv'e  impulses  from  the  central  nervous 
system  to  a  motor  organ  such  as  a  muscle  or  a  gland.  In  the  case  of  such 
a  neuron  the  axon  is  usually  long  for  it  extends  from  the  cell  body  in  the 
spinal  cord  or  brain  to  the  muscle  or  gland,  while  the  dendrites  are 
numerous  and  short  and  contained  within  the  gray  matter  of  the  spinal 
cord  or  brain. 

In  sensory  neurons  there  is  usually  a  single  long  dendrite  which  brings 
the  nerve  impulse  from  the  part  stimulated,  e.g.,  skin.  The  cell  body  is 
usually  in  a  ganglion  outside  the  spinal  cord  or  brain.  The  axon  may  be 
comparatively  short  extending  from  the  ganglion  to  the  brain  or  spinal 
cord  where  it  may  break  up  into  numerous  branches.  The  sensory  neu¬ 
rons  of  the  dorsal  ganglia  are  peculiar  in  that  the  axon  and  dendrite 
appear  to  be  branches  of  a  single  process  of  the  cell  body  (Fig.  32:2). 

The  actual  ends  of  the  nerve  processes  or  nerve  endings  differ  accord¬ 
ing  to  the  part  of  the  body  in  which  they  occur.  In  most  cases  the  dendrite 
or  axon  splits  up  into  many  fine  terminal  branches.  The  neurilemma 
and  the  medullary  sheath  are  absent  from  the  terminal  branches.  In  the 
brain  and  spinal  cord  and  in  nervous  tissue  generally  the  terminal 
branches  of  the  axon  of  one  neuron  usually  interlock  with  the  terminal 
branches  of  the  dendrites  of  other  neurons.  Sensory  nerve  processes 
going  to  the  skin  usually  end  in  terminal  branches  which  pass  between 
the  cells  of  the  epidermis.  The  nerve  endings  in  the  special  sense  organs 
will  be  described  later  when  considering  these  organs.  The  axons  which 
go  to  the  voluntary  muscles  end  in  nodular  enlargements  which  are 
applied  to  the  muscles. 

The  white  glistening  strands  seen  in  dissections  and  called  nerves  are 
made  up  of  bundles  of  nerve  fibers,  each  fiber  consisting  of  a  nerve 
process,  axon  or  dendrite,  and  its  accompanying  sheaths.  Such  nerves  do 
not  contain  nerve  cells  The  nerve  cells  from  which  the  fibers  arise  are 
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Dcated  chiefly  in  gray  matter  of  the  brain  and  spinal  cord,  in  sym- 
)athetic  ganglia,  and  in  the  sense  organs. 

!.  THE  NERVE  IMPULSE 

The  term  nerve  impulse  is  applied  to  the  change  of  state  which  passes 
long  the  nerve  fiber  when  it  transmits  a  stimulus  from  one  part  of  the 
lody  to  another.  Usually  nerve  impulses  travel  to  the  cell  body  in  the 
endrites  and  away  from  the  cell  in  the  axon,  and  it  appears  that  in  most 
ases  a  nerve  impulse  can  pass  through  a  nerve  cell  and  its  processes  in 
nly  one  direction.  Of  the  actual  nature  of  the  nerve  impulse  we  know 
ttle.  The  rate  at  which  it  travels  along  nerve  fibers  is  less  in  cold-blooded 
nimals  like  the  frog  than  in  warm-blooded  animals  like  man.  In  the 
[•og’s  sciatic  nerve  at  room  temperature  the  rate  is  between  24  and  38 
leters  per  second,  while  in  man  it  may  be  as  much  as  125  meters  per 
scond.  The  rate  varies  in  different  animals,  in  different  nerves  in  the 
ame  animal,  and  in  the  same  nerve  under  different  conditions.  In  the 
^og  it  can  be  shown  to  vary  with  the  temperature. 

Many  features  point  to  the  nervous  impulse  being  the  passage  along 
he  nerve  of  a  chemical  change  accompanied  by  an  electrical  charge.  It 
5  certainly  not  simply  an  electric  current  passing  through  the  nerve 
nd  it  is  also  certainly  not  a  mechanical  force  such  as  a  tension  on  the 
lerve.  That  the  propagation  of  the  nervous  impulse  requires  energy  is 
hown  by  the  fact  that  nerves  take  in  oxygen,  give  off  carbon  dioxide, 
nd  become  heated  when  the  impulse  passes.  However,  the  amount  of 
nergy  required  for  nervous  activity  is  relatively  much  less  than  for  the 
ither  activities  of  the  body. 

Usually  more  than  a  single  neuron  is  involved  in  any  nervous  action 
nd  the  nervous  impulse  must  pass  from  one  to  the  other.  This  passage 
f  the  nervous  impulse  usually  occurs  from  the  branches  of  the  axon  of 
ne  cell  to  the  dendrites  of  the  other  cell.  The  passage  of  the  impulse 
?  believed  to  be  made  possible  by  the  intimate  relation  of  the  two  proc- 
sses  and  to  occur  only  under  certain  physiological  conditions.  The  term 
ynapse  has  been  applied  to  this  intimate  relationship  between  two  nerve 
>rocesses.  It  has  been  found  that  in  a  synapse  the  nerve  impulse  can  pass 
a  only  one  direction  and  that  the  direction  depends  upon  the  synapse. 

he  synapse  has  been  shown  to  be  the  seat  of  fatigue  in  nervous  activity. 

h  THE  SPINAL  CORD 

We  begin  (he  study  of  the  central  nervous  system  with  the  spinal  cord 
)(!c;nis(!  on  the  whoI(‘  its  structure  is  less  complex  than  that  of  the  brain 
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and  shows  us  the  general  plan  of  structure  of  the  central  nervous  system 
The  spinal  cord  lies  in  the  neural  canal  protected  from  external  pressure 
by  the  neural  arches  and  centra  of  the  vertebrae.  In  the  neural  canal, 
which  it  does  not  fill,  the  spinal  cord  is  surrounded  by  three  connective 
tissue  membranes  called  the  meninges.  The  outermost  of  these,  called 
the  dura  mater,  is  hard  and  resistant.  In  the  head  it  forms  the  lining  of 
the  cranium.  In  the  spinal  cord  it  is  loosely  attached  to  the  periosteum 


Fig.  32:2  A  diagram  of  a  cross  section  of  the  spinal  cord  with  the  dorsal  and  ventral 
roots  of  the  spinal  nerves.  After  .^dams,  An  Introduction  to  the  Vertebrates^  by  permission  of 
John  Wiley  &  Sons,  Inc. 


of  the  neural  canal.  Wdthin  the  dura  mater  is  a  delicate  membrane  called 
the  arachnoid  (Gr.  spiderlike).  The  innermost  of  the  three  membranes 
is  the  pia  mater  which  is  closely  applied  to  the  brain  and  spinal  cord 
and  contains  blood  vessels.  Between  the  arachnoid  and  the  pia  mater  is 
the  subarachnoid  space  containing  the  cerebrospinal  fluid. 

The  spinal  cord  is  cylindrical  in  shape.  In  the  frog  it  is  somewhat 
flattened  dorsoventrally,  but  in  man  it  is  almost  circular  in  cross  section. 
A  fine  line  running  along  the  dorsal  side  indicates  where  the  dorsal  sep¬ 
tum  comes  to  the  surface  and  a  groove  extending  along  the  ventral 
surface  marks  the  entrance  of  the  ventral  fissure  into  the  cord.  The 
spinal  cord  extends  -from  the  foramen  magnum  where  it  is  continuous 
with  the  brain  to  about  the  seventh  vertebra  in  the  frog  and  the  second 
lumbar  vertebra  in  man,  where  in  each  case  it  tapers  into  a  fine  non- 
nervous  thread  called  the  filum  terminale.  The  spinal  nerves  leave 
the  neural  canal  between  the  neural  arches,  but  since  the  spinal  cord  is 
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horter  than  the  vertebral  column  and  there  are  as  many  nerves  as  there 
ire  spaces  between  the  vertebrae  the  more  posterior  nerves  run  posteriorly 
or  some  distance  in  the  neural  canal. 

A  cross  section  of  the  spinal  cord  shows  us  its  internal  structure  and 
he  cells  of  which  it  is  composed  (Fig.  32:2).  In  the  center  surrounded 
)y  a  layer  of  epithelial  cells  is  the  central  canal  which  extends  the  entire 
ength  of  the  cord  and  is  continuous  with  the  cavities  of  the  brain.  On 
he  dorsal  side  the  dorsal  septum  appears  as  a  fine  line  while  on  the 
/entral  side  the  ventral  fissure  extends  inward  toward  the  central  canal. 
Surrounding  the  central  canal  and  extending  outward  on  either  side 
lorsally  and  ventrally  so  as  to  give  in  the  section  the  appearance  of  the 
etter  H,  is  the  gray  matter.  In  this  form  the  gray  matter  extends 
throughout  the  length  of  the  spinal  cord.  The  two  dorsal  portions,  cor¬ 
responding  to  the  top  part  of  the  letter  H  in  the  section  are  called  the 
dorsal  columns.  The  two  ventral  portions  are  called  the  ventral  col¬ 
umns.  The  middle  portion  which  corresponds  to  the  bar  of  the  H  and 
contains  the  central  canal  projects  slightly  on  either  side,  forming  lateral 
columns.  The  gray  matter  contains  most  of  the  cell  bodies  of  the  neurons 
of  the  spinal  cord. 

Outside  the  gray  matter  and  occupying  the  rest  of  the  section  is  the 
white  matter.  This  part  of  the  spinal  cord  consists  mostly  of  nerve  fibers, 
the  medullary  sheaths  of  which  make  it  white.  The  fibers  run  length¬ 
wise  in'  the  spinal  cord  and  give  off  branches  to  the  spinal  nerves.  Like 
the  gray  matter  the  white  matter  also  is  divided  into  portions  which  in 
this  case  are  called  funiculi.  On  either  side  of  the  dorsal  septum  is  a 
dorsal  funiculus.  Between  the  dorsal  and  ventral  columns  of  the  gray 
matter  on  cither  side  of  the  cord  is  a  lateral  funiculus,  while  on  either 
side  of  the  ventral  fissure  and  between  it  and  the  ventral  column  of  the 
gray  matter  is  a  ventral  funiculus. 

4.  THE  SPINAL  NERVES 

From  the  spinal  ('ord  arise  the  spinal  nerves,  which  come  off  in  pairs, 
one  from  ('ach  sid('  (^1  du*  cord.  Like  the  vertebrae  they  are  arranged 
metame.rically  which  points  (  learly  to  a  primitive  metamerism  of  the 
ver(ebrat(‘  body,  fl.ach  lu'rvi'  arises  by  a  dorsal  and  a  ventral  root.  The 
nerv(‘  hbei's  of  du'  dorsal  I'ool  ('an  bi'  tracc'd  to  the  dorsal  column  of  the 
gray  malK'r  in  di(‘  spinal  cord,  while  those  of  the  ventral  root  can  be 
traced  to  (he  ventral  (olumn  ol  gray  matter. 

T  he  (  ell  bodies  from  which  arise  the  iktvc  fibers  of  the  ventral  root 
are  locati'd  in  the  ventral  column  of  the  gray  matter,  and  the  whole 
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neuron  has  a  structure  similar  to  that  of  the  neuron  described  at  th(  i 
beginning  of  this  chapter.  The  axon  runs  out  in  the  nerv'c  and  th(  1 
dendrites  ramify  in  the  gray  matter  of  the  ventral  column.  | 

The  cell  bodies  which  give  rise  to  the  fibers  running  in  the  dorsal  rooti 
of  a  spinal  nerv'e  are  located  not  in  the  spinal  cord  but  in  an  cnlargemcm  j 


Fig.  32:3  The  frog.  A  ventral  view  of  the  central  nerv’ous  system,  the  origins  of  the 
cranial  and  spinal  nerves,  and  the  sympathetic  system  of  one  side.  I-X,  the  ten  cranial 
nerves;  Sl-SlO,  the  ten  spinal  nerves. 


on  the  course  of  the  nerve  called  the  dorsal  ganglion.  From  the  cells 
in  the  dorsal  ganglion  processes  go  along  the  dorsal  root  into  the  gray 
matter  of  the  dorsal  column  and  in  the  opposite  direction  out  along  the 
nerve.  Just  beyond  the  dorsal  ganglion  and  not  far  from  the  spinal  cord 
the  dorsal  and  ventral  roots  combine  to  form  the  nerve. 

The  nerve  fibers  running  in  the  dorsal  root  are  found  to  be  sensory, 
i.e.,  they^nymerye^img]dsesjto_^e^gm3i£Qi3^  they  are 

called  afferent  fibers  (L.  qffero,  to  carry  to).  The  fibers  running  in  the 
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central  root  are  found  to  be  motor,  i.e.,  they  carry  nerve  impulses  from 
he  spinal  cord  to  muscles,  glands,  or  other  organs  which  respond  by 
:ontraction,  secretion,  or  other  special  activity.  They  are  called  efferent 
ibers  (L.  effero,  to  carry  from). 
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Cervical  plexus 

First  thoracic  nerve 


Lumbo-sacral 

plexus 


Lumbar  enlargement - ^  n- 1  • 

f  •  I  I  I  j  — - - Twelfth  thoracic  nerve 

ot  spinal  cord  / 

First  lumbar  nerve 
Filum  terminale 

Fifth  lumbar  nerve 
First  sacral  nerve 

Fifth  sacral  nerve 

ie.  32:4  Man.  A  vrntr,.l  view  of  lh<-  ccnlral  nervous  system  and  the  origins  of  the 
ranial  an, I  spinal  n,-rv.-s  an, I  ,h,-  nerv,-  plexn.ses.  The  l,-nn  “cervical  plexus  is  used  to 
„  h„l,-  da-  .ervi.  al  plexus  pr„p,-r.  .aanpos,-,!  of  the  first 

ira,  liial  pl,  xus  whi,  h  in,  lu,l,  s  (he  last  four  cervical  nerves  and  the  first  thoraciyiervc, 
I,.-  (er.n  “lu.uho-saer.d  ph'xus"  is  us,-, I  to  include  the  lumbar  plexus,  composed  of  the 
a-st  four  1, unbar  u,  rv,-s,  and  the  .s.u  r.d  plexus  which  includes  the  fifth  lumbar,  the  sacral, 
,n<l  the  CH-eygeal  n,  rv,-s.  The  .sympathetic  system  ts  not  shown. 
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After  its  formation  from  dorsal  and  ventral  roots  a  spinal  nerve  divide 
into  three  branches,  a  dorsal  ramus  (or  branch),  a  ventral  ramus,  and  . 
visceral  ramus,  each  of  which  contains  both  sensory  and  motor  fiber 
(Fig.  32:2).  The  dorsal  ramus  goes  to  the  skin  and  muscles  of  the  dorsa 
side  of  the  body,  including  the  dorsal  sides  of  the  limbs;  the  ventra 
ramus  goes  to  the  ventral  side  of  the  body  including  the  ventral  side 
of  the  limbs;  while  the  visceral  ramus  goes  to  the  dorsal  wall  of  th< 
coelom  where  it  connects  with  a  visceral  sympathetic  ganglion. 

In  the  frog  there  are  ten  pairs  of  spinal  ner\'es,  the  first  nine  of  whicl 
emerge  from  the  neural  canal  posterior  to  the  corresponding  vertebra* 
while  the  tenth  emerges  through  a  small  opening  or  foramen  in  th( 
urostyle  (Fig.  32:3).  The  dorsal  ganglia  occur  just  as  the  nerves  emerge 
from  the  neural  canal.  Usually  the  first  three  spinal  nei'ves  take  part  ii 
the  formation  of  the  brachial  plexus,  which  innervates  the  forelimi  , 
and  shoulder.  Fhe  next  three  nerves  are  small  and  go  to  the  skin  anc 
muscles  of  the  wall  of  the  abdomen.  The  seventh,  eighth,  and  nintl 
nerves  form  the  lumbosacral  plexus  which  innervates  the  hind  limb 
The  tenth  nerve  joins  with  a  branch  of  the  ninth  to  form  a  plexu  . 
which  innervates  the  viscera  in  the  posterior  portion  of  the  abdomina 
cavity. 

In  man  (Fig.  32:4)  thirty-one_pajrs_of  spinal  nei^^es  are  recognized 
which  are  divided  as  follows:  cervical,  eight,  thoracic,  twelve,  lumbar 
five,  sacral,  five,  coccygeal,  one.  'Fhe  reason  for  there  being  eight  in  the 
neck  region  is  because  the  nerves  are  considered  to  come  out  behind  theii 
corresponding  vertebrae  except  in  the  case  of  the  first  which  comes  oui 
between  the  cranium  and  the  atlas.  There  are  formed  cervical,  brachial, 
lumbar,  and  sacral  plexuses.  The  cervical  plexus  is  formed  by  the  first 
four  cervical  nerves  and  innervates  the  skin  of  the  back  of  the  head, 
neck,  and  shoulder,  and  the  muscles  of  the  neck  and  diaphragm,  and 
sends  communicating  branches  to  the  autonomic  system.  The  brachial 
plexus  is  formed  by  the  last  four  cervical  nerves  and  the  first  thoracic 
nerve  and  innervates  the  thorax  and  arm.  The  cervical  and  brachial 
plexuses  are  connected  and  are  sometimes  together  called  the  cervical 
plexus.  The  lumbar  plexus  is  formed  by  the  first  four  lumbar  nerves.  ItB 
innervates  the  buttock  and  the  thigh.  The  sacral  plexus  is  formed  by  part! 
of  the  fourth  lumbar  nerve,  the  fifth  lumbar,  and  the  first  three  sacrall 
nerves.  It  innervates  the  lower  limb.  The  lumbar  and  sacral  plexuses  are! 
connected  and  are  together  termed  the  lumbosacral  plexus.  As  in  thejl 
case  of  the  frog  the  various  branches  contain  sensory  nerve  fibers  to  then 
skin  and  motor  nerve  fibers  to  the  muscles.  I 
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5.  THE  SPINAL  REFLEX 

A  reflex  or  reflex  act  is  a  simple  act  which  conforms  to  a  definite 
pattern  when  the  stimulus  required  to  evoke  it  is  applied.  A  spinal  re¬ 
flex  is  one  which  occurs  independently  or  in  the  absence  of  the  brain. 
Spinal  reflexes  can  be  easily  shown  experimentally  in  the  frog.  The  spinal 
cord  is  cut  across  behind  the  brain  and  the  brain  is  destroyed  or  the  dor¬ 
sal  portion  of  the  head  is  cut  off  leaving  the  lower  jaw  in  place.  The 
frog  is  then  suspended  by  a  hook  through  the  lower  jaw.  When  the  ex¬ 
periment  is  carefully  performed  and  the  frog  is  otherwise  in  good  condi¬ 
tion  it  will  make  no  spontaneous  movements,  i.e.,  movements  not  in 
direct  response  to  a  stimulus.  If,  however,  the  skin  of  one  side  of  the  body 
is  irritated  by  placing  on  it  a  small  piece  of  paper  saturated  with  dilute 
acid,  the  hind  leg  of  the  same  side  will  be  moved  up  and  the  paper  will 
be  pushed  away.  This  is  only  one  of  many  different  spinal  reflexes. 
Such  spinal  reflexes  conform  to  a  definite  pattern  of  movement  —  a  pat¬ 
tern  which  has  its  counterpart  in  the  arrangement  of  the  neurons  in  the 
reflex  arc. 

Corresponding  to  the  pattern  of  behavior  expressed  in  the  reflex  act 
there  is  in  the  nervous  system  a  definite  arrangement  of  neurons  along 
which  nerve  impulses  pass  and  give  rise  to  the  reaction.  This  is  called  the 
reflex  arc  (Fig.  32:2).  In  the  example  chosen  the  impulse  starts  in  the 
terminal  branches  of  the  dendrites  of  sensory  neurons  ending  in  the  skin 
of  the  frog.  It  passes  in  the  dendrites  which  may  form  part  of  a  spinal 
nerve  toward  the  dorsal  ganglion.  In  the  dorsal  ganglion  the  impulse 
need  not,  apparently,  pass  through  the  cell  body  but  may  go  directly 
to  the  axon  and  through  it  in  the  dorsal  root  of  the  spinal  nerve  to  the 
spinal  cord.  The  terminal  branches  of  the  sensory  neuron  end  in  the 
dorsal  column  of  the  gray  matter.  To  continue  its  course  the  impulse 
must  pass  through  a  synapse  to  the  dendrites  of  a  correlation  neuron 
which  carries  it  to  the  ventral  column.  Another  synapse  must  occur 
between  the  terminal  branches  of  the  axon  of  the  correlation  neuron  and 
the  dendrites  of  a  motor  neuron.  In  the  motor  neuron  the  impulse  is 
carried  to  the  muscl(‘s  of  tlu'  leg  and  stimulates  them  to  contract.  It 
should  b(‘  und(‘rsto()(l  that  in  an  actual  reflex  the  reflex  arc  usually  con¬ 
sists  of  sev(‘ral  iK'urons  of  each  type  conducting  in  parallel.  Thus  the  area 
of  the  skin  stimulat(‘(l  may  be  such  that  a  number  of  sensory  neurons 
nr(‘  stimulat<'(l  whi('h  in  cons('C|uence  transmit  nerve  impulses  to  a  num¬ 
ber  of  corr('la t ion  luairons  which  in  turn  transmit  them  to  a  numbei  of 
motor  neurons.  Also  there  may  be  two  or  more  correlation  neurons  ar- 
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ranged  in  series  so  that  the  impulse  passes  successively  through  them, 
although  it  never  passes  through  more  than  one  sensory  neuron  and 
one  motor  neuron.  Some  of  the  correlation  neurons  cross  the  spinal  cord 
so  that  the  impulse  may  be  transmitted  to  a  motor  neuron  on  the  opposite 
side. 

6.  THE  BRAIN 

The  central  nervous  system  (brain  and  spinal  cord)  arises  on  the 
dorsal  side  of  the  embryo  from  the  outer  germ  layer  or  embryonic  skin 
as  a  long  groove  which  later,  owing  to  the  folding  over  of  the  edges  of 
the  groove,  becomes  a  tube  called  the  neural  tube.  In  the  case  of  the 
spinal  cord  the  walls  of  the  tube  become  much  thickened  and  the  cavity 
is  reduced  to  the  small  central  canal,  but  the  general  plan  of  a  more  or 
less  uniform  tube  remains.  In  the  brain,  however,  the  thickening  of  the 
walls  is  not  uniform  and  the  cavity  of  the  tube  becomes  enlarged  in  cer¬ 
tain  places.  In  the  first  indication  of  the  brain  in  the  embryo  there  are 
three  such  enlargements  separated  by  constrictions.  The  enlargements 
are  called  the  fore,  mid,  and  hind  brains  (Fig.  36:6).  Later  in  develop¬ 
ment,  constrictions  appear  in  the  fore  and  hind  brains  so  that  the  entire 
brain  becomes  divided  into  five  divisions.  The  term  encephalon  is  ap¬ 
plied  to  the  brain  as  a  whole  and  the  names  of  the  five  parts  are  made  by 
using  the  following  prefixes:  tel  =  end,  di  =  between,  mes  =  middle, 
met  =  after,  and  myel^  which  indicates  a  relation  to  the  spinal  cord.  Thus 
the  different  divisions  of  the  brain  named  from  anterior  to  posterior  are: 

I.  Telencephalon 

II.  Diencephalon 

III.  Mesencephalon 

IV.  Metencephalon 

V.  Myelencephalon 

It  is  not  possible  to  assign  precise  functions  to  each  of  the  five  divisions 
of  the  brain,  but  it  may  be  said,  in  general,  that  the  higher  the  animal 
in  the  vertebrate  scale,  the  greater  is  the  development  of  the  more  an¬ 
terior  divisions,  especially  the  telencephalon,  and  that  the  more  posterior 
divisions,  especially  the  metencephalon,  are  concerned  with  the  simpler 
and  more  primitive  activities  of  the  animal. 

A.  THE  FROG'S  BRAIN 

We  may  now  turn  to  a  description  of  the  brain  of  the  adult  frog  (Fig. 
32:5).  At  the  extreme  anterior  end  the  telencephalon  is  produced  to 
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form  two  olfactory  lobes  from  which  the  olfactory  nerves  pass  to  the 
sensory  epithelium  of  the  olfactory  sacs.  They  are  concerned  with  the 
sense  of  smell.  The  greater  part  of  the  telencephalon  consists  of  the  cere¬ 
bral  hemispheres,  two  relatively  large,  elongated,  rounded  bodies.  In 
the  frog  the  cerebral  hemispheres  seem  to  be  chiefly  concerned  with  the 
conduction  of  nerve  impulses  from  the  olfactory  lobes  to  the  diencephalon 
(see  next  paragraph).  Each  cerebral  hemisphere  contains  a  cavity  or 


Anterior  choroid  plexus- 
Cerebral  hemisphere 
Olfactory  lobe 


Epiphysis 


Optic  lobe 
'  Cerebellum 


Posterior  choroid  plexus 
Medulla  oblongata 


Lateral  ventricle 

3rd  ventricle 

Optic  chiasma  I  [  4th  ventricle 

Infundibulurj, 

Fig.  32:5  Longitudinal,  vertical  section  through  the  brain  of  a  frog,  drawn  by  B.  B. 
Root  from  Hegner,  College  Zoology^  The  Macmillan  Company. 


lateral  ventricle  which  is  continuous  with  the  cavity  of  the  dienceph¬ 
alon,  called  the  third  ventricle,  through  an  opening  called  the  fora¬ 
men  of  Munro. 

The  anterior  portion  of  the  roof  of  the  diencephalon  takes  the  form 
□f  a  highly  vascular  membrane  called  the  anterior  choroid  plexus 
which  is  folded  into  the  cavity  of  the  third  ventricle  and  undoubtedly 
contributes  to  the  nourishment  of  this  part  of  the  brain.  From  the  pos¬ 
terior  portion  of  the  roof  a  minute  fingerlike  structure  called  the  epiph¬ 
ysis  projects  toward  the  skull,  possibly  the  vestige  of  a  single  median 
eye.  The  optic  nerves  from  the  eyes  enter  the  brain  on  the  ventral  side 
of  the  dicnccphalon.  As  they  enter  the  fibers  cross  to  opposite  sides  of 
the  brain  forming  the  optic  chiasma.  The  right  and  left  sides  of  the 
dicnccphalon  arc  somewhat  thickened  and  form  the  thalami  (singular 
thalamus),  over  which  the  fibers  of  the  optic  nerves  spread  out  fanwise. 
Behind  the  o[)tic  chiasma  the  floor  of  the  diencephalon  extends  ven- 
trally,  forming  a  funnel-shaped  structure  called  the  infundibulum. 
Connected  with  (his  pos((‘riorly  is  the  hypophysis  or  pituitary  body, 
an  important  endocrine  which  is  discussed  in  a  later  chapter.  In  addition 
to  th(‘  special  funetions  of  (he  particular  parts  referred  to,  the  main  part 
of  (he  diene(‘phalon  foniK'd  by  (he  thalami  seems  to  be  concerned  chiefly 
widi  correlation  and  transmission  of  nerve  impulses  received  from  the 
nasal  ('apsides  and  (h(‘  eyes  (s('(‘  la(('r  section  on  amphibian  brain). 
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I'hc  roof  of  the  mesencephalon  is  formed  by  two  rounded  projections 
called  the  optic  lobes.  The  optic  lobes  are  said  to  inhibit  spinal  reflexes. 
Its  floor  is  formed  by  the  crura  cerebri.  Its  cavity  is  a  narrow  channel 
called  the  iter. 

The  metencephalon  is  a  relatively  short  part  of  the  brain  in  the  frog. 
The  cerebellum,  which  forms  the  roof,  is  a  transverse  thickening  just 
behind  the  optic  lobes. 

The  myelencephalon  connects  the  brain  with  the  spinal  cord.  Its 
roof  is  formed  by  the  posterior  choroid  plexus,  a  vascular  membrane 
similar  to  the  anterior  choroid  plexus.  Its  floor  and  sides  are  thick  and 
constitute  the  medulla  oblongata.  The  medulla  is  a  very  important  part 
of  the  brain  in  the  frog.  When  all  of  the  rest  of  the  brain  is  removed  the 
frog  can  still  leap,  swim,  capture  and  swallow  food,  breathe  normally, 
and  live  for  a  considerable  time.  When  the  medulla  is  removed  death 
follows  soon.  Its  cavity  is  called  the  fourth  ventricle. 

B.  THE  HUMAN  BRAIN 

In  the  frog  the  axis  of  the  brain  is  continuous  with  that  of  the  spinal 
cord,  the  two  forming  a  rodlike  structure  enlarged  and  pointed  at  the 
anterior  end.  In  man,  on  account  of  his  erect  posture,  the  axis  of  the 
brain  makes  three  vertical  bends  or  flexures  (Fig.  32:6).  The  first  of 
these,  the  cervical  flexure,  occurs  where  the  spinal  cord  joins  the 
myelencephalon  and  is  toward  the  anterior  or  ventral  side;  the  second, 
the  pontine  flexure,  occurs  in  the  metencephalon  and  is  in  the  opposite 
direction  toward  the  posterior  or  dorsal  side;  the  third,  the  cephalic 
flexure,  occurs  in  the  midbrain  and  is  directed  toward  the  anterior  or 
ventral  side.  The  axis  of  the  brain  thus  forms  a  letter  Z  on  top  of  the  spinal 
cord  (Fig.  32:6). 

The  telencephalon  of  the  human  brain  exceeds  in  size  all  the  other 
parts.  When  the  brain  is  viewed  from  above  only  the  cerebral  hemi¬ 
spheres  are  visible,  all  the  other  parts  being  hidden  by  their  massive 
lobes.  A  deep  depression,  the  longitudinal  fissure,  separates  the  two 
hemispheres.  Each  hemisphere  is  divided  into  five  lobes.  Numerous 
smaller  fissures  divide  the  surfaces  of  the  lobes  into  convolutions.  The 
olfactory  lobes  are  small  and  hidden  under  the  cerebral  hemispheres. 
Each  cerebral  hemisphere  contains  a  cavity  or  ventricle  which,  as  in 
the  frog,  communicates  through  an  opening,  the  foramen  of  Monro, 
with  the  third  ventricle.  The  two  hemispheres  are  held  together  above 
the  third  ventricle  by  a  fibrous  band  called  the  corpus  callosum  (Fig. 
28:3).  The  outer  portion  of  the  cerebral  hemispheres  or  cerebral  cortex 
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consists  of  a  layer  of  gray  matter  containing  numerous  nerve  cell  bodies 
and  their  processes  (dendrites  and  axons).  Within  the  cortex  and  devel¬ 
oped  chiefly  on  the  lateral  and  basal  (morphologically  ventral)  walls 
are  other  masses  of  nerve  cell  bodies  and  nerve  processes,  chief  among 
which  is  the  corpus  striatum. 

The  diencephalon  is  completely  covered  by  the  cerebral  hemispheres. 
As  in  the  frog  there  is  an  anterior  choroid  plexus,  pineal  body,  optic 
chiasma,  infundibulum,  and  pituitary  body  (Fig.  32:6).  As  will  be 


Pineal  body 


Foramen  of  Monro 


Telencephalon 

(cerebral 

hemispheres) 


Corpus 

striatum 

Infundibulum 


Olfactory 

lobes 


Optic  chiasma 
•  Pituitary  body 


Diencephalon  (thalamus) 

III  Ventricle 

Cephalic  flexure 

Mesencephalon 

Optic  lobes 
(corpora 
quadrigemina) 


Metencephalon 

Cerebellum 
IV  Ventricle 
— Myelencephalon 
Cervical  flexure 

Spinal  cord 


Fig.  32:6  A  diagraininalic  sagittal  section  of  the  head  of  a  human  foetus  about  the  third 
month,  sliowing  the  parts  of  the  brain. 

?ccn  later  the  thalamus  which  occurs  in  the  wall  of  the  diencephalon  is 
an  important  part  of  the  human  brain. 

The  mesencephalon  is  also  relatively  small.  The  roof  is  formed  by 
(our  rounded  btjdies  called  the  corpora  quadrigemina  which  occupy  the 
places  occupied  by  the  optic  lobes  in  the  frog.  The  corpora  quadrigemina 
receive  fibers  from  (he  optic  and  the  auditory  nerves.  The  floor  is  formed 
by  (he  crura  cerebri. 

hi  the  ni(-s<'nc<-|)li,ilon  and  dicnccplialon  sensory  impulses  reeeived 
in  die  eranial  and  s|.inal  nerves  are  relayed  to  the  cerebrum  and  cere¬ 
bellum  and  motor  impulses  are  distributed. 

Next  to  llie  (eleneephalon  the  metencephalon  is  the  most  prominent 
part  ol  (he  human  brain.  'I'he  cerebellum  is  relatively  large.  It  consists 
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of  right  and  left  hemispheres  connected  by  a  central  jx)rtion  called  the 
vermis.  I  he  floor  is  formed  by  the  pons  Varolii.  This  is  a  region  where 
many  libers  cross  from  one  side  to  the  other  ol'  the  brain. 

The  roof  of  the  myelencephalon  is  formed  by  the  posterior  choroid 
plexus  as  in  the  frog.  The  medulla  oblongata  or  bulb  which  forms  the  I 
floor  and  sides  is  a  pathway  for  nerve  libers  passing  to  and  from  the  spinal 
cord  to  the  other  parts  of  the  brain.  It  has,  however,  other  important 
functions.  In  man  it  contains  the  centers,  i.e.,  the  groups  of  nerve  cells, 
which  control  the  following  simple  reflexes  —  closing  the  eyelids, 
sneezing,  coughing,  mastication,  swallowing,  vomiting,  secretion  of  the 
saliva  and  gastric  juices.  It  also  sends  fibers  to  the  ganglia  of  the  para- 
symjiathetic  system  (see  Sec.  9  of  this  chapter)  controlling  the  respiratory  | 
movements,  contraction  of  the  walls  of  the  blood  vessels,  and  the  action  n 
of  the  heart.  jj . 

7.  THE  CRANIAL  NERVES 

The  cranial  nerves,  although  they  arise  from  the  brain  in  symmetrical 
pairs,  arc  not  connected  with  it  at  regular  intcrv'als  as  arc  the  spinal 
nerves  with  the  spinal  cord.  Some  of  them  arc  entirely  sensory  and  some 
arc  “mixed  ncr\’cs,”  i.e.,  contain  both  sensory  and  motor  fibers  and 
some  arc  motor  nen-TS.  In  the  case  of  the  sensory  nerv'cs  there  arc  ganglia 
corresponding  in  a  general  way  to  the  dorsal  ganglia  of  the  spinal  nerves, 
but  they  arc  not  regularly  arranged  and  in  some  cases  the  ganglion  cells 
arc  in  the  sense  organs. 

In  the  frog  there  arc  ten  cranial  nerves.  In  man  there^arcL-twelve,-^  « 
the  last  two,  the  eleventh  and  twelfth,  being  really  spinal  nerves  whose 
connections  have  been  moved  up  into  the  brain.  The  connections  and 
functions  of  the  first  ten  cranial  ncrv'cs  arc  so  similar  in  the  frog  and  in 
man  that  for  our  present  purpose  one  description  w'ill  serve  for  both.  The 
nerves  are  numbered  from  anterior  to  posterior  and  Roman  numerals 
are  usually  used. 

TABLE  32:1.  THE  CRANL\L  NERVES 

Olfactory  Nerve.  Purely  sensory.  Its  fibers  arise  from  sensory  cells  in  the 
olfactory  membrane  of  the  nasal  cavity. 

Optic  Nerve.  Purely  sensory.  Its  fibers  arise  from  cells  in  the  retina  of 
the  eye 

Motor  nerves  to  the  muscles  of  the  eyeball.  Entirely  motor.  Their  fibers 
arise  from  cells  in  the  brain 

Trigeminal  Nerve.  Sensory  and  motor.  Its  sensory  fibers  come  from 
the  face,  including  the  anterior  half  of  the  scalp,  the  lips,  teeth,  mouth. 


I. 

II. 

III. ] 

IV. 
VI.  J 
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and  the  anterior  part  of  the  tongue.  Its  motor  fibers  innervate  the  muscles 
of  mastication 

VII.  Facial  Nerve.  Sensory  and  motor.  Its  sensory  fibers  come  from  the 
tongue.  Its  motor  fibers  innervate  the  muscles  determining  the  facial 
expression 

VIII.  Auditory  Nerve.  Entirely  sensory.  Its  fibers  pass  from  the  internal  ear 
to  the  brain.  Part  of  its  fibers  arise  in  the  organ  of  hearing,  another  part 
arise  in  the  organ  of  equilibrium 

IX.  Glossopharyngeal  Nerve.  Sensory  and  motor.  Innervates  the  tongue 
and  pharynx 

X.  Vagus  Nerve.  Sensory  and  motor.  The  name,  which  means  “the  wan¬ 
derer,”  refers  to  its  wide  distribution  to  the  pharynx,  esophagus,  stomach, 
respiratory  organs,  and  heart 

XI.  Spinal  Accessory.  Motor.  Innervates  pharynx,  esophagus,  stomach, 
intestines,  and  respiratory  organs.  Occurs  as  a  small  branch  of  nerve  X 
in  the  frog 

XII.  Hypoglossal  Nerve.  Motor.  Innervates  the  muscles  of  the  tongue.  Found 
in  man  as  a  cranial  nerve  which  corresponds  to  the  first  spinal  nerve 
in  the  frog 

8.  THE  MECHANISM  OF  THE  SPINAL  CORD  AND  BRAIN 

The  activities  of  the  spinal  cord  and  brain  are  carried  out  by  their 
nerve  cells  or  neurons.  Hence  it  is  to  the  differentiation  of  the  cells  and 
their  interrelations  that  we  must  turn  for  an  explanation  of  the  working 
of  these  organs.  Many  painstaking  and  laborious  investigations  have 
contributed  to  give  us  a  detailed  picture  of  the  course  which  the  various 
typ(!S  of  nerv(*  fibers  take  ihrough  the  brain  and  spinal  cord  and  the  in¬ 
terrelations  which  they  establish.  It  is  possible  here  to  consider  only  a 
few  simple  ca.ses. 

A.  NERVE  FIBER  TRACTS  IN  THE  AMPHIBIAN  BRAIN 

T  he  brain  of  llu*  mud  puppy,  Necturus^  is  similar  to  that  of  the  frog. 
T  he  diagram  (Fig.  32i7)  shows  some'  ol  the  paths  which  the  nerve  im- 
puls(^s  mc'iy  tak(‘  when  (lu*  sensory  cells  of  the  eye  or  car  are  stimulated. 
T  hese  may  lx*  calk'd  cranial  reflex  arcs  and  the  reactions  involved  may 
be  called  cranial  reflexes. 

When  sen.sory  cells  of  (h(*  ear  are  stimulated  the  impulses  are  carried 
iri  the  fib('rs  of  th(*  ('ighth  lu'rvc*  to  the  medulla  oblongata.  There  the 
impulses  pass  to  lu'urons  o(  anoth(*r  type  (A)  and  are  relayed  to  the 
nx)f  of  the  iiK'sencephalon  when*  they  pass  to  neurons  of  still  another 
typ(*  (H)*  T  hcs(*  n(*ur()ns  s(*iul  hb(*is  anteriorly  into  the  dicnccphalon 
(thalamus)  and  posteriorly  through  the  brain  to  the  spinal  cord.  Should 
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the  impulses  take  the  posterior  path  they  may  pass  to  motor  neurons  of  ^ 
the  third  nerve  and  stimulate  the  muscle  fibers  of  one  of  the  eye  muscles  ^ 
to  contract,  or  they  may  pass  to  motor  neurons  of  the  fifth  nerve  and  stim- 
ulate  the  fibers  of  one  of  the  muscles  of  the  jaw  to  contract,  or  to  motor  « 
neurons  of  the  seventh  nerve  and  activate  one  or  more  of  the  facial  |L 
muscles,  or  lastly  they  may  pass  down  into  the  spinal  cord  and  passing  , 
to  motor  neurons  in  the  ventral  horn  of  the  gray  matter  cause  one  or  ! 
more  of  the  body  muscles  to  contract.  On  the  other  hand,  should  the 


Fig.  32:7  Diagram  of  some  conduction  paths  in  the  brain  of  Necturus^  seen  in  longitudi¬ 
nal  section.  For  a  description  of  the  pathways  taken  by  the  nervous  impulses  when  the 
sensory  nerves  from  the  olfactory  capsule,  eye,  or  ear  are  stimulated,  see  the  text. 
After  C.  J.  Herrick,  Brains  oj  Rats  and  Men^  University  of  Chicago  Press. 

impulses  take  the  forward  path,  they  may  pass  to  neurons  (C)  in  the 
thalamus.  The  axons  of  these  neurons  pursue  a  path  similar  to  that  pur¬ 
sued  by  neurons  B  and  the  impulses  may  take  any  one  of  the  motor  paths 
already  indicated. 

Sensory  nerve  impulses  from  the  eye  come  to  the  brain  along  the  fibers 
of  the  optic  nerve  and  over  the  optic  tracts  in  the  diencephalon  to  the 
roof  of  the  mesencephalon  (optic  lobes).  There  the  impulse  may  pass 
to  neurons  of  the  same  type  (B)  which  received  the  impulses  from  the 
ear.  From  here  the  same  paths  are  open  to  these  impulses  as  were  open 
to  the  impulses  from  the  ear. 

Another  type  of  neuron  is  found  in  the  cerebral  hemispheres.  Axons 
from  these  neurons  pass  to  the  thalamus.  They  may  send  impulses  to  the 
neurons  of  type  C  already  referred  to  and  cause  any  one  or  a  number  of 
the  motor  activities  to  which  reference  has  already  been  made.  Nerve 
impulses  may  come  to  the  cerebral  hemisphere  in  the  fibers  of  the  olfac¬ 
tory  nerve  from  the  sensory  cells  of  the  nasal  epithelium. 

It  should  be  noted  that  only  certain  of  the  possible  paths  in  the  Nec- 
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turns  brain  are  indicated,  there  being  many  others.  Just  what  determines 
which  path  a  given  nervous  impulse  will  follow  is  not  at  present  known. 
Undoubtedly  the  physiological  state  of  the  animal,  especially  its  nervous 
state  at  the  time  of  receiving  the  stimulus,  and  its  previous  nervous  ac¬ 
tivity  are  factors. 

B.  CONDITIONED  REFLEXES 

In  a  now  famous  series  of  experiments  on  dogs  Pavlov  ^  investigated 
what  he  called  the  conditioned  salivary  reflex.  When  a  dog  tastes  food 
the  stimulus  causes  the  salivary  gland  to  secrete  saliva.  This  is  a  natural, 
unconscious  reflex.  The  activity  of  the  salivary  gland  can  be  measured 
by  connecting  a  fine  glass  tube  or  canula  to  the  duct  of  the  gland  and 
observing  the  rate  at  which  the  saliva  flows. 

If  a  bell  is  rung  every  time  the  dog  is  fed  after  a  time  it  will  be  found 
that  there  will  be  a  flow  of  saliva  when  the  bell  is  rung  even  if  the  dog  is 
not  given  food.  The  dog  is  then  said  to  be  conditioned  to  the  ringing  of 
the  bell  and  a  new  kind  of  reflex  has  been  developed  in  which  the  ringing 
of  the  bell  causes  saliva  to  flow.  It  is  possible  to  trace  the  path  followed 
by  the  nerve  impulse  in  both  the  “natural  reflex”  and  the  conditioned 
reflex. 

In  the  case  of  the  natural  reflex  the  path  is  as  follows  (Fig.  32:8): 
The  food  stimulates  the  taste  buds  in  the  tongue  and  the  nerve  impulses 
are  carried  in  the  sensory  fibers  of  the  seventh  nerve  to  the  primary 
gustatory  center  in  the  medulla.  The  impulses  now  pass  to  neurons  (B) 
which  relay  the  impulses  to  neurons  in  the  salivatory  center.  The  axons 
of  these  neurons  form  part  of  the  seventh  nerve  and  go  to  the  submax¬ 
illary  ganglion  where  the  impulses  arc  passed  to  other  neurons  which 
stimulate  the  salivary  gland  to  secrete.  This  reflex  arc  is  present  in  the 
animal  at  birth  and  the  animal  docs  not  have  to  learn  to  secrete  saliva 
when  it  tastes  food. 

There  is  also  a  natural  reflex  in  response  to  ringing  the  bell  which  is  as 
follows:  I'Vom  the  cochlea  (the  auditory  portion  of  the  ear,  see  Chap.  33) 
the  nerve  iinj:)ulse  passes  along  the  eighth  nerve  to  the  primary  auditory 
center  also  in  (he  medulla.  Here  the  impulses  pass  to  neurons  (A)  which 
go  down  the  spinal  cord  to  motor  neurons  in  the  ventral  horn  of  the 
gray  matl(T.  In  lh('S(‘  neurons  the  impulses  may  pass  to  one  of  the  neck 
muscl(‘s  causing  (he  lu'ad  to  be  moved  in  the  direction  of  the  sound.  This 
is  also  not  a  l(‘arn(‘d  relk'x. 

'  I’avlov,  I.  P.,  Conditioned  Reflexes,  translated  by  G.  V.  Anrep,  Oxford  University  Press, 
Oxford,  1927. 
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There  is  no  direct  connection  between  these  two  reflex  paths  and  sc 
the  secretion  of  saliva  does  not  naturally  follow  auditory  stimulation. 
These  simple  paths  are  not,  however,  the  only  paths  which  the  impulse.- 
may  take.  In  the  case  of  the  salivatory  reflex,  neurons  whose  cell  bodies 
are  in  the  primary  gustatory  center  may  carry  the  impulses  to  a  correla- 


Fig.  32:8  Simplified  diagram  of  a  conditioned  reflex.  The  primary  (unconditioned) 
taste-salivatory  and  auditory-head-turning  arcs  are  shown  in  continuous  lines.  The 
secondary  loop  of  the  auditory  arc  going  to  the  correlation  center  is  shown  in  interrupted 
lines.  The  similar  loop  of  the  gustatory  arc  is  shown  in  dotted  lines.  After  C.  Judson  Her¬ 
rick,  Brains  of  Rats  and  Men^  University  of  Chicago  Press. 

tion  center  where  they  may  pass  to  other  neurons  (C)  and  be  relayed  to 
still  other  neurons  which  carry  them  to  the  salivatory  nucleus.  This  path 
may  also  occur  in  the  “natural”  salivatory  reflex.  A  similar  path  through 
the  correlation  center  leads  from  the  primary  auditory  center  through 
the  neuron  (D)  to  the  ventral  horn  of  the  spinal  cord.  This  also  may  be 
involved  in  the  “natural”  reflex.  However  the  neurons,  D,  send  processes 
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to  various  parts  of  the  correlation  center  and  some  of  these  can  synapse 
with  neurons  sending  axons  to  the  salivatory  nucleus.  This  does  not 
usually  occur,  but  as  the  experiments  show  by  repetition  of  the  two 
stimuli  simultaneously,  a  path  may  be  established  which  connects  the 
primary  auditory  center  with  the  salivatory  nucleus ;  this  is  what  happens 
when  the  animal  has  been  conditioned  to  respond  to  the  bell  by  secreting 
saliva. 

C.  THE  EVOLUTION  OF  THE  TELENCEPHALON 

The  cerebral  hemispheres  of  fishes  and  amphibians  are  chiefly  con¬ 
cerned  with  receiving  and  correlating  stimuli  received  in  the  olfactory 
nerves.  Cerebral  cortex  and  corpus  striatum  are  absent  from  the  telen¬ 
cephalon. 

In  reptiles  and  birds  the  corpus  striatum  is  well  developed.  It  is  a  cor¬ 
relation  center  for  reflexes,  particularly  those  involving  the  eye  and  ear. 
The  cerebral  cortex  is  present  but  is  more  simply  organized  and  more 
intimately  connected  with  the  corpus  striatum  than  in  the  mammalian 
brain.  In  the  reptiles  evolution  evidently  took  two  divergent  directions : 
one  leading  to  the  birds,  the  other  to  the  mammals.  In  birds  the  enlarge¬ 
ment  and  complication  of  the  corpus  striatum  reaches  its  climax  in  the 
vertebrate  scries.  As  is  well  known,  sight  and  hearing  are  exceptionally 
well  developed  in  birds,  and  reflexes  involving  the  eye  and  ear  play  a 
large  part  in  their  behavior.  On  the  other  hand  the  cerebral  cortex  shows 
a  relatively  simple  organization. 

In  mammals  the  corpus  striatum  is  well  developed  but  its  development 
is  overshadowed  by  that  of  the  cerebral  cortex  which  takes  on  distinctive 
characters.  The  nonolfactory  portion  of  the  cortex  which  is  present  in 
reptiles  is  much  larger  in  mammals,  and  the  cells  show  many  local  dif¬ 
ferences  in  the  form  and  arrangement  of  their  cell  bodies. 

In  man  the  cerebral  cortex  shows  a  quite  exceptional  development. 
It  makes  up  about  half  the  total  weight  of  the  brain.  From  a  purely 
anatomical  point  of  view  it  is  one  of  the  most  distinctive  and  character¬ 
istic  structures  of  tlu*  human  body.  Physiologically  it  is  even  more  re¬ 
markable.  It  controls  tlu*  activities  not  only  of  the  remainder  of  the 
nervous  system  but  through  it  the  entire  organism.  The  cells  (Fig.  4.14) 
are  arranged  in  lay(TS,  as  many  as  ten  of  which  can  be  distinguished  in 
some  n'gions.  Nuiikmous  (fllty  or  more)  cortical  areas  have  been  distin¬ 
guished,  diflVring  in  the  structure  and  arrangement  of  the  nerve  cells. 

Iwcry  neuron  of  the  cerehrni  cortex  is  enmeshed  in  a  tangle  of  very  fine  nerve 
fil)ers  of  great  cornplexily,  some  of  which  come  from  very  remote  parts.  It  is 
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probably  safe  to  say  that  the  majority  of  the  cortical  neurons  are  directly  or 
indirectly  connected  with  every  cortical  field.  This  is  the  anatomical  basis  of 
cortical  associational  processes.  .  .  .  And  in  the  cortical  association  centers  it 
is  the  capacity  for  making  this  sort  of  combination  and  recombination  of  the 
nervous  elements  that  determines  the  practical  value  of  the  system. 

When  the  visual  area  of  the  cerebral  cortex  is  activated  following  the  stimula¬ 
tion  of  the  retina  by  some  particular  field  of  view,  it  is  safe  to  say  that  at  least  a 
million  cortical  nerve  cells  are  directly  stimulated  by  the  nervous  impulses  which 
discharge  into  this  cortex  from  the  optic  thalamus.  These  million  cells  activate 
other  millions,  and  so  on  in  indefinite  series,  and  the  aggregate  of  the  connections 
actually  made  in  any  extended  associational  process  is  evidently  an  enormous  i 
number.^ 

9.  THE  AUTONOMIC  NERVOUS  SYSTEM 

Connected  with  the  brain  and  spinal  cord  is  a  system  of  nerves  and  i 
ganglia,  called  the  autonomic  system,  which  is  chiefly  concerned  with  the  ' 
control  of  the  movements  and  other  activities  of  the  viscera.  Unlike  the  ! 
brain  and  spinal  cord  this  system  seems  to  involve  only  motor  nerves,  i 
In  the  thorax  and  abdomen  a  double  chain  of  ganglia  runs  near  and  par¬ 
allel  to  the  vertebral  column.  The  ganglia  are  connected  with  the  spinal  ; 
cord  by  the  visceral  rami  already  referred  to  when  describing  the  spinal  ; 
nerves,  and  send  nerves  to  the  various  viscera,  heart,  lungs,  stomach, 
intestine,  kidney,  bladder,  and  so  forth.  The  fibers  from  the  ganglia  go 
directly  to  the  various  organs  and  terminate  in  them.  In  some  cases,  e.g., 
the  heart,  the  organs  are  stimulated  to  increa.sed  activity;  in  other  cases, 
e.g.,  the  stomach,  the  effect  is  to  slow  down  or  stop  muscular  contraction. 
These  ganglia  and  nerves  form  the  sympathetic  system.  Nerve  cells  in 
the  midbrain  and  medulla  send  out  axons  which  travel  in  the  third, 
seventh,  ninth,  and  tenth  cranial  nerves  and  go  to  internal  organs.  The 
terminal  branches  of  these  axons  synapse  with  neurons  in  the  organs. 

In  some  cases,  e.g.,  the  heart,  the  activity  of  the  organ  is  inhibited,  in 
other  cases,  e.g.,  the  salivary  gland,  it  is  accelerated.  A  similar  system  of 
neurons  connects  the  sacral  region  of  the  spinal  cord  with  the  pelvic 
viscera.  These  two  systems  are  together  called  the  parasympathetic  sys¬ 
tem.  A  third  group  of  ganglion  cells  and  nerves  is  located  in  the  walls 
of  the  viscera.  These  constitute  the  enteric  system.  A  peculiarity  of  the 
autonomic  nervous  system  is  that  it  contains  not  only  nerves  which 
stimulate  to  activity  but  also  nerves  which  inhibit  the  activity  of  the 
organs.  The  autonomic  system  affects  and  is  affected  by  the  emotions, 
and  also  as  we  shall  see  in  a  later  chapter  by  certain  endocrine  secretions. 

^  C.  Judson  Herrick,  Brains  of  Rats  and  Men^  the  University  of  Chicago  Press,  Chicago,  1926. 
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Questions 

1.  Describe  a  motor  neuron.  State  in  what  respects  it  differs  from  a  typical  cell. 
How  are  these  differences  related  to  its  special  functions? 

2.  State  some  of  the  changes  which  occur  in  a  nerve  when  an  impulse  passes 
along  it. 

3.  Describe  a  cross  section  of  the  spinal  cord  of  man.  Where  are  most  of  the 
nerve  cells  located? 

4.  Trace  the  path  of  a  spinal  reflex. 

5.  Name  in  order  the  five  divisions  of  the  brain  and  briefly  describe  each  part. 

6.  Describe  the  distribution  of  the  twelve  cranial  nerves  in  man. 

7.  Explain  how  a  conditioned  reflex  may  be  established. 

8.  Briefly  discuss  the  relations  and  functions  of  the  autonomic  nervous  system. 
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CHAPTER  33 

The  Sense  Organs 


A  sense  organ  is  sensitive  to  a  particular  kind  of  stimulus,  such  as  light, 
and  relatively  insensitive  to  other  kinds  of  stimuli.  This  stimulus  it  trans¬ 
forms  into  a  nervous  impulse  which  is  transmitted  in  a  sensory  nerve  to 
a  group  of  nerve  cells  in  the  brain  or  spinal  cord.  Thus  the  sense  organ 
selects  the  stimulus  from  among  all  the  many  different  kinds  of  physical 
changes  which  occur  in  its  environment.  However,  the  kind  of  sensation 
which  the  person  experiences,  i.e.,  whether  that  of  sight,  hearing, 
smell  or  some  other,  depends  on  the  part  of  the  central  nervous  system 
to  which  the  nerve  impulse  is  transmitted.  Thus  when  the  optic  nerve  is 
stimulated  the  person  receives  the  sensation  of  sight,  and  when  the  audi¬ 
tory  nerve  is  stimulated  he  receives  the  sensation  of  hearing.  No  kind  of 
stimulation  of  the  auditory  nerv^e  will  produce  the  sensation  of  sight 
nor  will  any  kind  of  stimulation  of  the  optic  nerve  produce  the  sensation 
of  hearing. 

1.  NOSE,  MOUTH,  AND  THE  BODY  IN  GENERAL 

The  nasal  cavities  of  both  the  frog  and  man  are  partly  lined  with  a 
moist,  sensitive  olfactory  membrane  composed  of  epithelial  cells.  Among 
these  epithelial  cells  are  the  sensory  cells  (Fig.  33:1),  elongated,  ciliated 
cells,  continued  internally  into  fine  nerve  fibers,  which  together  with 
those  from  the  other  sensory  cells  make  up  the  olfactory  nerve. 

The  cavity  of  the  mouth  is  also  lined  with  a  moist  membrane  which 
contains  sensory  cells.  Here,  however,  they  tend  to  be  collected  in  groups 
forming  taste  buds,  which  are  especially  numerous  on  the  tongue.  Al¬ 
though  resembling  the  sensory  cells  of  the  olfactory  epithelium  the 
sensory  cells  of  the  taste  buds  do  not  give  ^^ise  to  nerve  fibers.  Fine  proc¬ 
esses  from  sensory  branches  of  cranial  nerves  VII  and  IX  surround  them 
and  transmit  the  nerve  impulses  to  the  brain. 
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Throughout  the  body  in  the  skin,  muscles,  walls  of  the  digestive  tube, 
and  in  fact  everywhere,  sensory  cells  occur  which  receive  and  transmit 
special  stimuli,  such  as  heat,  cold,  pressure,  and  fatigue.  These  stimuli 
are  each  received  and  transmitted  by  special  sen¬ 
sory  cells  so  that  a  cell  which  is  sensitive  to  heat, 
i.e.,  a  rising  temperature,  is  under  ordinary  cir¬ 
cumstances  insensitive  to  cold,  i.e.,  a  decrease  in 
temperature.  These  sensory  cells  take  on  various 
special  forms  according  to  the  stimuli  to  which 
they  respond,  and  are  surrounded  or  otherwise 
associated  with  fine  fibers  from  sensory  branches 
of  spinal  or  cranial  nerves. 


2.  THE  EYE 

The  large  eyes  of  the  frog  protrude  from  either 
side  of  the  head  and  look  sidewise  so  that  their 
vision  covers  entirely  different  fields.  Each  eye 
lies  in  an  orbit  or  eye  socket  into  which  it  can  be 
withdrawn  and  covered  by  the  eyelids.  The  upper 
eyelid  is  capable  of  only  a  slight  downward 
movement,  but  the  lower  eyelid  can  be  drawn 
up  to  cover  the  remainder  of  the  exposed  part  of 
the  eye.  The  lower  eyelid  is  in  reality  composed 
of  two  parts,  a  lower  eyelid  proper,  which  forms 
the  thicker  lower  portion  and  a  nictitating  mem¬ 
brane,  a  thinner  and  more  transparent  upper  por¬ 
tion,  separated  from  the  lower  eyelid  proper  by  a 
shallow  groove.  In  the  center  of  the  eye  is  a  dark 
oval,  the  pupil.  This  is  really  the  transparent  win¬ 
dow  through  which  light  passes  to  the  interior  sensi¬ 
tive  part  of  the  eye.  Surrounding  the  pupil  is  an  iri¬ 
descent  ring,  the  iris,  and  surrounding  the  iris,  the 
white  of  the  eye  extends  outward  to  the  eyelids. 

The  human  eyes  lie  in  the  orbits  protected  above  by  the  eyebrows. 
The  upper  and  lower  eyelids  close  the  eyes,  most  of  the  movement  being 
in  the  upfx'r  eyelid,  f  rom  (he  margins  of  the  eyelids  rows  of  hairs,  the 
eyelashes,  proj(‘ct.  l  lu*  eyc'lids  are  covered  externally  by  the  skin  and 
in((‘rnally  by  a  moist  s('nsitive  membrane,  the  conjunctiva,  which  is 
reflected  from  (he  innc'r  surface  over  the  front  of  the  eyeball.  The  con¬ 
junctiva  is  kept  moist  and  (ransi)arcnt  by  (he  secretion  from  the  tear 


Fig.  33:1  Olfactory 
cells  from  the  lining  of 
the  nasal  cavity  of  the 
frog.  On  the  left,  two 
sensory  cells  with  cili¬ 
ated  outer  ends,  en¬ 
larged  nuclei,  and  fine 
basal  fibers ;  on  the 
right,  two  interstitial 
cells.  From  Holmes, 
Biology  of  the  Frog,  The 
Macmillan  Company. 


642 


THE  SENSE  ORGANS  Ch.  33 


gland  or  lacrimal  gland  which  is  poured  out  through  a  number  ol 
minute  ducts  on  the  inner  or  conjunctival  surface  of  the  upper  lid,  and 
distributed  by  the  winking  of  the  eyelid.  Ordinarily  the  secretion  of  the 
lacrimal  gland  in  excess  of  that  required  to  keep  the  eye  moist  is  carried 


Muscle  fo 


Eye  muscle 


O^tic  nerve 
/ 


Fig.  33:2  The  structure  of  the  human  eye.  The  eye  has  been  sectioned  vertically 
through  the  center  of  the  pupil  and  the  center  of  the  fovea,  i.e.,  through  the  optic 
axis.  The  observer  is  looking  into  the  right  side  of  the  left  eye.  The  optic  nerve  enters  the 
eye  on  its  median,  i.e.,  nasal  side,  and  gives  rise  to  the  blind  spot  seen  in  the  diagram  on 
the  inside  of  the  retina.  When  the  eye  is  directed  at  an  object  the  optic  axis  is  placed  in  line 
with  it  and  the  object  is  centered  on  the  fovea.  Slightly  modified  after  L.  L.  Woodruff, 
Animal  Biology,  The  Macmillan  Company. 


away  by  the  lacrimal  canal  which  opens  into  the  nose.  When  the  con¬ 
junctiva  is  irritated  or  the  person  experiences  intense  emotion  the  secre¬ 
tion  may  be  in  excess  of  that  which  can  be  carried  away  by  the  canal 
and  tears  flow  over  the  cheeks. 

The  internal  structure  of  the  frog’s  eye  is  essentially  similar  in  its  main 
features  to  the  human  eye.  The  following  description  applies  to  the  eye 
of  man.  The  eyeball  is  moved  in  the  orbit  and  the  direction  of  vision 
controlled  by  six  eye  muscles.  The  superior  and  inferior  recti  muscles 
direct  it  up  and  down  respectively;  the  internal  and  external  recti 
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muscles  move  it  toward  and  away  from  the  nose,  and  the  superior  and 
inferior  oblique  muscles  roll  it  on  its  axis.  It  should  be  remembered 
that  in  normal  vision  the  movements  of  the  two  eyeballs  are  coordinated 
so  that  when  the  internal  rectus  of  the  left  eye  contracts,  the  external 
rectus  of  the  right  eye  contracts  to  a  corresponding  extent. 

The  internal  structure  of  the  eye  may  be  studied  in  a  longitudinal 
section  passing  through  the  lens  and  the  fovea  (Fig.  33:2).  Such  a 
section  shows  the  three  coats  of  the  eyeball.  The  outer  of  these,  the 
sclerotic,  is  a  firm,  opaque,  white  coat,  composed  of  connective  tissue; 
it  is  continued  over  the  anterior  portion  of  the  eyeball  as  the  transparent 
cornea.  Next  comes  the  choroid  coat.  This  coat  contains  most  of  the 
blood  vessels  of  the  eye.  Anteriorly  it  becomes  separated  from  the  sclerotic 
and  forms  the  iris  in  the  center  of  which  is  the  opening  called  the  pupil. 
The  iris  is  pigmented  and  is  the  part  of  the  eye  referred  to  when  a  person 


Fibers  to  Rods  and  cones 

optic  nerve 

Fig.  33:3  Srclion  of  tlir  human  retina.  In  the  eye,  the  left  side  of  the  section  is  toward 
the  lens  so  that  the  light  passes  through  the  fibers  of  the  optic  nerve  and  the  nervous  layer 
before  reacliing  the  rods  and  cones.  T  he  neurons  of  the  first  layer  are  in  the  part  labeled 
“visual  layer”  ;  those  of  tlie  second  and  third  layers  and  the  association  neurons  are  shown 
in  the  part  labeled  “nervous  layer.”  The  vitreous  body  is  to  the  left,  the  choroid  coat  to 
the  right.  I-'roin  L.  h.  Woodrulf,  AnM  Biology,  'The  Macmillan  Company. 


is  said  to  have  blu(‘  or  brown  eyes.  1  he  iris  acts  as  a  diaphragm  and 
(Iclcniiiiics  liow  imicli  HrIu  enters  the  eye  through  the  pupil.  In  dim 
liglil  the  pupil  is  hirg(%  in  hriglit  light  it  is  small.  Within  the  choroid  coat 
and  forniing  (h<‘  lining  ol  th(‘  postt'rior  htxlf  of  the  eyeball  is  the  retina. 
’I'his  is  the  thinnest  of  the  three  coats  and  contains  the  nerve  cells.  Just 
behind  the  iris  and  .atltiehed  to  (he  choroid  by  a  suspensory  ligament 
is  the  lens.  /\  line  dr.iwn  through  the  center  of  the  pu])!!  and  the  lens 
and  l()ihecenler()ftherelin;i  is  called  the  optic  axis.  Where  the  optic  a.\is 
interset  Is  the  retina  is  a  sni.all  area  called  the  macula  lutea  in  the  ccntei 
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of  which  is  a  small  depression  called  the  fovea  centralis  where  vision  is 
most  acute.  When  an  object  is  looked  at  its  image  is  formed  on  the 
macula  lutea.  A  short  distance  from  the  fovea  toward  the  nasal  side  is 
the  “blind  spot”  where  the  optic  nerve  passes  through  the  retina.  The 
cavity  in  front  of  the  lens  is  filled  with  a  liquid  called  the  aqueous 
humor,  and  the  cavity  behind  by  a  jellylike  substance  called  the  vit¬ 
reous  body. 

The  eye  may  be  compared  to  a  photographic  camera  and  the  retina 
to  a  photographic  film  or  plate  on  which  is  recorded  a  picture  or  image 
of  the  field  of  vision.  As  in  a  photographic  camera  the  image  on  the 
retina  is  inverted.  This,  however,  does  not  bother  us  because  we  are  not 
conscious  of  what  happens  in  the  eye  but  only  of  the  resulting  sensation 
in  the  brain  which  we  interpret  in  accordance  with  our  other  sensations, 
especially  those  of  touch.  The  image  is  focused  on  the  retina  by  the  lens. 
In  a  camera  focusing  is  accomplished  by  moving  the  lens  back  and  for¬ 
ward.  In  the  eye  the  same  result  is  obtained  by  changing  the  curvature 
of  the  lens.  In  order  to  understand  how  this  is  brought  about  we  must 
study  somewhat  more  closely  the  lens  and  its  relation  to  the  choroid  coat 
of  the  eyeball. 

The  lens  of  the  human  eye  is  a  biconvex  body  about  the  size  of  a  pea, 
but  flattened  so  that  the  diameter  along  the  optic  axis  is  about  half  the 
vertical  diameter.  It  is  composed  of  living  nucleated  cells  which  take 
the  form  of  transparent  fibers.  The  whole  structure  is  elastic  and  is  held 
in  place  by  the  suspensory  ligament  which  extends  from  its  periphery  to 
the  choroid.  This  ligament  holds  the  lens  under  a  certain  tension  so  that 
it  normally  tends  to  be  flattened  and  adjusted  for  distant  vision.  In  the 
choroid  layer  where  the  suspensory  ligaments  are  attached  are  small 
ciliary  muscles.  The  contraction  of  these  muscles  tends  to  relieve  the 
tension  exerted  by  the  suspensory  ligament  on  the  lens  which,  therefore, 
becomes  more  convex  and  so  adjusted  as  to  form  an  image  of  a  near  ob¬ 
ject.  The  adjustment  of  the  lens  to  form  a  sharp  image  on  the  retina  is 
called  accommodation.  In  farsightedness  the  lens  does  not  become 
sufficiently  convex.  This  is  corrected  by  the  use  of  convex  “glasses”  which 
make  up  for  the  lack  of  convexity  of  the  lens.  Nearsightedness  is  due  to 
the  lens  of  the  eye  being  too  convex.  This  is  corrected  by  using  concave 
glasses.  Defective  sight  is  often  due  to  irregularities  in  the  cornea  or  lens. 
Astigmatism  is  usually  due  to  unequal  curvature  of  the  cornea,  so  that 
its  surface  is  not  spherical  but  resembles  the  back  of  a  spoon. 

The  rays  of  light  after  passing  through  the  cornea,  the  aqueous  humor, 
the  lens,  and  the  vitreous  body  are  focused  on  the  retina.  The  retina  con- 
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sists  of  a  number  of  layers  of  nerve  cells  and  their  nerve  processes  (Fig. 
33:3).  The  sensory  cells,  called  rod  and  cone  cells,  which  receive  the 
light  stimulus  are  turned  away  from  the  light  and  toward  the  choroid 
coat.  This  is  due  to  the  fact  that  the  retina  is  developed  in  the  embryo 
as  an  outgrowth  of  the  lateral  wall  of  the  brain  (see  the  diagram  of  the 
development  of  the  eye,  Fig.  36:7).  The  rays  of  light,  therefore,  must 
pass  through  the  other  layers  of  the  retina  before  reaching  them.  This 
does  not  interfere  with  vision  because  the  nerve  cells  and  fibers  which 
overlie  the  sensory  cells  are  almost  completely  transparent.  Nearly 
everybody  has  become  aware  at  some  time  of  the  minute  blood  vessels 
which  run  over  the  surface  of  the  retina.  On  looking  at  a  clear  bright 
area  they  often  appear  as  hazy  transparent  filaments  resembling  the 
hyphae  of  a  fungus. 

The  rod  and  cone  cells  owe  their  names  to  the  peculiar  shapes  of  their 
ends.  In  the  case  of  the  rod  cells  the  ends  turned  away  from  the  light 
take  the  form  of  long,  straight  rods.  In  the  cone  cells  the  corresponding 
ends  are  shorter  pointed  cones.  Cone  cells  are  the  only  retinal  structures 
present  in  the  fovea,  there  being  no  rods  there.  Beyond  the  fovea  in  the 
macula  are  rod  cells  but  they  are  fewer  in  number  in  this  region  than 
the  cone  cells.  Beyond  the  macula  the  proportion  of  cone  cells  to  rod 
cells  diminishes  toward  the  periphery  of  the  retina  where  there  are  very 
few  cone  cells.  The  rods  and  cones  differ  in  function.  The  cones  are 
sensitive  to  fairly  bright  light  and  distinguish  between  the  different  colors 
of  the  spectrum,  while  the  rods  are  sensitive  to  dim  light  and  do  not 
distinguish  colors. 

We  will  now  consider  the  neurons  or  nerve  cells  through  which  the 
nerve  impulses  pass  in  going  from  the  sensory  cells  to  the  brain.  There 
arc  three  layers  of  neurons  in  the  retina.  The  rods  and  cones  are  thick¬ 
enings  of  the  dendrites  of  the  outer  or  sensory  layer.  The  axons  of  these 
sensory  neurons  extend  toward  the  lens  and  divide  into  numerous 
fine  branches  in  th(‘  proximity  of  the  dendrites  of  the  neurons  of  the 
second  layer.  The  axons  of  these  latter  extend  also  toward  the  lens  where 
th(‘y  in  turn  branch  and  int(‘rlace  with  the  dendrites  of  the  third  layer 
of  neurons,  ealhxl  ganglion  cells.  The  axons  of  the  ganglion  cells  pass 
over  the  inner  surface'  of  tli('  ivtina  to  collec  t  at  the  blind  spot  where  they 
form  the*  optic  nerve  and  go  directly  to  the  brain.  Among  the  neurons 
of  tlie  second  laye'r  are  neurons  with  processes  running  parallel  to  the 
surface  of  th(‘  n'tina.  Any  one  of  these  nc'urons  may  receive  nerve  im¬ 
pulses  from  s('veral  rods  and  cones  and  transmit  the  combined  effect  to 
(he  neui'ons  of  (Ih*  s(‘cou(1  or  third  layers. 


646 


THE  SENSE  ORGANS  Ch.  33 


3.  THE  EAR 

A.  THE  FROG'S  EAR 

The  eardrum  or  tympanum  has  already  been  referred  to  in  considering 
the  external  features.  It  consists  of  a  tightly  stretched  membrane  on 
the  side  of  the  head  posterior  to  the  eye.  Inside  the  eardrum  is  the  cavity 
of  the  middle  ear  (Fig.  33:4).  This  is  an  air-filled  cavity  which  commu¬ 
nicates  with  the  mouth  through  the  Eustachian  tube,  the  internal  opening 
of  which  was  referred  to  in  describing  the  mouth  cavity.  The  internal 
ear  lies  between  the  middle  car  and  the  cranium  and  is  lodged  in  the 
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transverse  section  of  the  left  side  of  the  head  of  a  frog  showing  the  structure 


auditory  capsule.  It  consists  of  a  thin-walled  sac,  the  membranous 
labyrinth,  containing  a  fluid,  the  endolymph,  and  surrounded  by  an¬ 
other  fluid,  the  perilymph.  A  small  oval  opening  in  the  lateral  wall  of 
the  auditory  capsule  between  the  inner  and  middle  ear  is  closed  by  a 
small  bone  called  the  stapes.  Extending  from  the  stapes  to  the  tympanum 
across  the  air-filled  middle  ear  is  a  rod-shaped  bone  called  the  columella. 
Sound  waves  set  the  tympanum  in  vibration.  The  vibrations  are  trans¬ 
mitted  by  the  columella  to  the  stapes  which  passes  them  on  in  a  magnified 
form  to  the  perilymph  of  the  inner  ear.  From  the  perilymph  they  pass 
to  the  endolymph  of  the  membranous  labyrinth. 

The  membranous  labyrinth  is  divided  by  a  constriction  into  two  por¬ 
tions,  a  lower  saclike  portion,  the  sacculus,  and  an  upper  irregular  por¬ 
tion,  the  utriculus.  The  sacculus  is  the  portion  chiefly  concerned  with 
hearing.  The  membrane  of  both  portions  contains  sensory  cells.  These 
are  columnar  epithelial  cells  with  stiff,  hairlike  protoplasmic  projections 
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extending  into  the  endolymph.  The  lower  ends  of  these  cells  are  sur¬ 
rounded  by  fine  processes  from  the  nerve  fibers  of  the  auditory  nerve 
(VIII).  It  is  believed  that  vibrations  in  the  endolymph  impinging  on 
the  protoplasmic  processes  stimulate  the  sensory  cells  and  cause  them  to 
send  out  nerve  impulses  which  pass 
to  the  fibers  of  the  auditory  nerve 
and  thence  to  the  brain.  The  frog 
is  probably  unable  to  recognize  the 
different  tones  or  qualities  of  sounds, 
his  hearing  being  like  that  of  a 
completely  tone-deaf  person. 

The  perception  of  sound  is  only 
one  of  the  functions  of  the  ear.  The 
other,  which  is  probably  of  more 
importance  in  the  life  of  the  frog,  is 
concerned  with  perceiving  and 
maintaining  bodily  equilibrium. 

Connected  with  the  utriculus  are 
three  semicircular  canals  (Fig. 

33:4)  which  run  at  right  angles  to 
each  other;  the  anterior  lies  in  a 
nearly  vertical  and  obliquely  an¬ 
terior  plane,  a  second,  the  pos¬ 
terior,  extends  in  a  vertical  and 
obliquely  posterior  plane,  a  third, 
the  horizontal,  lies  in  a  horizontal 
plane.  At  one  end  each  canal  is 
enlarged  to  form  an  ampulla  which 
is  well  supplied  with  sense  cells  similar  to  those  in  the  sacculus  and 
similarly  connected  with  the  auditory  nerve.  Experiment  has  shown  that 
after  injury  to  one  of  the  horizontal  canals  the  frog  tends  to  move  in  a 
circle  and  that  after  injury  to  one  of  the  vertical  canals  it  is  unable  to  con¬ 
trol  its  movements  in  a  vertical  direction.  The  semicircular  canals  are 
well  shown  in  tlie  ear  of  the  pigeon  (Fig.  33:5). 

B.  THE  HUMAN  EAR 

The  human  ear  like  that  of  the  frog  has  two  functions,  the  detection 
and  analysis  of  sounds  and  (lu*  determination  of  the  relation  of  the  axis  of 
(he  body  to  th(‘  din'ction  of  its  movement  and  the  direction  of  the  pull 
of  gravity  on  it.  And,  as  in  (he  frog,  these  two  functions  are  carried  out 


Fig.  33:5  The  semicircular  canals  of  the 
car  of  the  pigeon.  A,  plane  of  anterior  or 
superior  semicircular  canal;  P,  plane  of 
posterior  canal ;  and  E,  plane  of  horizontal 
canal.  After  Starling,  from  Bainbridge  and 
Menzies,  Principles  of  Human  Physiology,  by 
permission  of  J.  &  A.  Churchill. 
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in  different  parts  of  the  ear.  In  man  the  part  of  the  ear  devoted  to  the 
detection  and  analysis  of  sounds  has  become  highly  evolved. 

The  tympanum  or  eardrum  lies  at  the  end  of  a  slightly  curved  canal 
about  1  inch  in  length  and  with  an  average  diameter  about  equal  to  that 
of  a  lead  pencil  (Fig.  33:6).  The  external  opening  of  this  canal  is  sur¬ 
rounded  by  a  structure  usually  called  the  pinna  which  probably  helps  to 
gather  the  sound  into  the  canal.  Two  bones,  the  malleus  (hammer)  and 
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Fig.  33:6  Semi-diagrammatic  section  through  the  right  ear.  After  Kimber,  Gray,  and 
Stackpole,  from  Hegner,  College  Z^ology^  The  Macmillan  Company. 


incus  (anvil),  take  the  place  of  the  columella  in  the  frog  and  transmit  the 
vibrations  of  the  tympanum  to  the  stapes  (stirrup)  and  the  inner  ear.  The 
three  bones  are  articulated  so  that  the  actual  vibrations  of  the  tympanum 
are  magnified  in  the  stapes.  The  inner  ear  in  man  (and  in  most  mammals 
and  birds)  is  an  exceedingly  delicate  instrument  for  the  detection  and 
analysis  of  sound.  From  the  sacculus  extends  a  long  diverticulum,  the 
cochlea,  coiled  in  a  shape  resembling  the  shell  of  a  snail.  It  is  here  that 
sounds  are  analyzed  and  the  differences  between  high  and  low  tones  and 
the  differences  in  the  quality  of  sounds,  e.g.,  the  difference  between  a 
chord  and  a  pure  note,  and  between  the  same  note  played  by  a  flute  and 
a  violin,  are  recognized.  Exactly  how  these  differences  are  determined  in 
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the  ear  is  not  known.  The  utriculus  and  semicircular  canals  are  similar  in 
man  and  the  frog,  as  indeed  they  are  in  nearly  all  vertebrates. 
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Questions 

1 .  What  is  the  difference  between  the  sense  cells  in  the  nose  and  mouth? 

2.  Compare  the  external  features  of  the  eye  of  the  frog  with  those  of  man. 
How  are  they  related  to  the  mode  of  life  of  the  two  animals? 

3.  Compare  the  human  eye  with  a  photographic  camera.  Carry  the  comparison 
as  much  into  detail  as  you  can. 

4.  Trace  the  path  of  a  ray  of  light  passing  from  an  external  source  to  the  retina. 

5.  Trace  the  path  of  a  nervous  impulse  from  a  rod  or  cone  in  the  retina  to  the 
brain. 

6.  Explain  how  certain  defects  in  sight  can  be  corrected  by  lenses. 

7.  Explain  how  the  ear  carries  out  two  independent  and  different  sensory  func¬ 
tions. 

8.  Compare  the  general  features  of  the  frog’s  ear  with  that  of  man  and  relate 
the  differences  to  their  modes  of  life. 

9.  Descril:>e  how  the  sound  is  transmitted  from  the  eardrum  to  the  internal  ear 


in  man. 


CHAPTER  34 

The  Endocrines 


Reference  has  already  been  made  to  the  substance  secretin  which  is 
formed  in  the  duodenum,  carried  in  the  blood  stream,  and  absorbed  by 
the  pancreas,  which  is  thereby  stimulated  to  secrete  the  pancreatic  juice. 
Secretin  is  one  of  a  number  of  substances  to  which  the  general  name 
hormone  is  applied  and  which  are  of  great  importance  in  the  regulation 
of  many  of  the  vital  processes  of  vertebrates.  A  hormone  is  a  substance 
produced  in  some  part  of  the  body  and  carried  in  the  blood  or  lymph  to 
other  parts  of  the  body  where  its  presence  causes  structural  or  functional 
changes.  Hormones  are  also  called  internal  secretions  and  the  glands 
which  produce  them  glands  of  internal  secretion  or  endocrine  glands. 
Since  the  hormone  does  not  leave  the  gland  by  means  of  a  duct  the  term 
ductless  glands  has  also  been  applied  to  them.  This  latter  term  is,  how¬ 
ever,  inappropriate  since  some  glands,  for  example  the  pancreas,  produce 
both  an  external  secretion  which  leaves  the  gland  by  a  duct,  and  an 
internal  secretion  which  passes  into  the  blood  or  lymph. 

The  knowledge  of  hormones  is  chiefly  the  result  of  experiments  on 
animals  and  clinical  observations  coupled  with  pathological  findings. 
In  experiments  on  animals  the  gland  is  removed  and  the  effect  of  the 
removal  observed.  An  extract  is  then  made  from  the  glandular  tissue  and 
administered  to  the  experimental  animals.  If  the  effects  observed  after 
the  removal  of  the  gland  decrease  or  disappear  after  administering  the 
extract  the  latter  is  assumed  to  contain  the  hormone.  The  extract  may 
now  be  fractionated,  i.e.,  divided  into  different  parts  by  chemical 
methods,  and  the  parts  separately  tested  on  animals  in  the  same  way 
that  the  first  extract  was  tested.  In  this  way  after  many  laborious  proc¬ 
esses  the  hormone  may  be  obtained  in  relatively  pure  form  and  crystal¬ 
lized  out  of  the  solution.  Further  chemical  work  may  lead  to  the  deter¬ 
mination  of  the  chemical  composition  and  the  graphical  formula  of 
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the  hormone.  The  way  is  then  prepared  for  the  development  of  methods 
of  producing  the  hormone  synthetically. 

Hormones  may  be  compared  and  contrasted  with  vitamins.  Features 
in  which  hormones  resemble  vitamins  are: 

1 .  They  both  affect  the  metabolism  of  the  body. 

2.  Both  are  effective  in  small  amounts. 

3.  Both  are  carried  in  the  blood. 

4.  Some  hormones  resemble  some  vitamins  chemically. 

5.  Some  hormones  have  been  made  synthetically. 

Hormones  differ  from  vitamins  as  follows : 

1 .  Hormones  are  manufactured  in  the  body  by  the  endocrine  glands. 

2.  Most,  but  not  all,  hormones  cannot  be  absorbed  through  the  diges¬ 
tive  tract  and  must  be  injected  into  the  body. 

3.  Too  much  of  a  hormone  usually  produces  serious  effects  and  may 
prove  fatal. 

Hormones  are  usually  named  and  classified  according  to  the  glands 
or  glandular  tissue  by  which  they  are  produced.  A  general  table  of  the 
endocrines  and  their  secretions  is  given 
on  pages  654  and  655.  The  location  of 
the  glands  in  the  body  is  indicated  in 
Fig.  34:1.  Because  they  have  to  be  in¬ 
jected,  most  hormones  must  be  obtained 
in  the  form  of  an  extract  relatively 
free  from  foreign  proteins  or  made 
synthetically. 

1.  THE  PANCREAS 

Distributed  through  the  pancreas 
among  the  cells  which  secrete  the  pan¬ 
creatic  juice  arc  groups  of  peculiar  cells  Pancreas 
forming  small  masses  called  the  islands 
of  Langerhans.  T  hesc  cells  have  been 

proved  to  j)roduce  an  internal  secretion  /  Gonads 

called  insulin.  Insulin  circulating  in  3^.^  location  of  the  duct- 

the  blood  controls  the  carbohydrate  less  glands  in  the  human  body, 
metabolism  of  the  c(*lls  of  th('  body.  Un¬ 
derfunctioning  or  nonfunetioning  of  the  islands  ol  Langerhans  causes  a 
wrlaiii  lorin  of  the  <li.s«-:isc  calUxi  diabetes  which  is  characterized  by  *e 
cxcrelioii  of  siif^ar  atid  (he  loss  ol  glycogen  from  the  liver.  The  condition 
can  he  corrected  by  the  injection  of  insulin  into  the  blood,  but  the  in- 
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jections  have  to  be  continued  as  long  as  the  diabetic  condition  lastsJ 
Overfunctioning  of  the  islands  of  Langerhans  or  an  excess  of  insulin  irJ 
the  blood  gives  rise  to  hunger  and  weakness.  Insulin  as  usually  prepared 
is  a  white  powder,  which  can  be  obtained  in  a  crystalline  form.  It  is 
an  organic  compound,  containing  sulphur  and  probably  allied  to  the 
peptides. 

2.  ADRENAL  GLANDS 

On  the  ventral  side  of  each  of  the  frog’s  kidneys  is  an  irregular  yellow 
streak,  the  adrenal  gland.  In  man  these  glands  arc  perched  like  cocked 
hats,  one  over  the  upper  {X)rtion  of  each  kidney,  and  on  account  of  this 
position  arc  called  also  suprarenal  glands.  The  two  human  adrenal 
glands  together  weigh  alx)ut  ounce.  The  adrenal  gland  is  composed 
of  two  dilTcrcnt  kinds  of  tissue,  an  outer  yellowish  portion,  the  cortex, 
and  an  inner  browmish  red  tissue,  the  medulla.  The  medullary  hormone 
or  secretion  of  the  medullary  |X)rtion  of  the  gland  is  called  adrenaline, 
adrenine,  or  epinephrine.  This  hormone  has  been  isolated  from  the 
medulla  and  obtained  in  a  pure  crystalline  form.  It  is  a  relatively  simple 
organic  substance  with  the  formula  CI9H13NO3.  Considered  as  a  drug, 
adrenaline  is  astonishingly  potent,  a  fraction  of  a  milligram  having  an 
appreciable  effect  when  injected  into  the  human  subject. 

The  general  effect  of  adrenaline  when  passed  into  the  blood  from  the 
adrenal  glands  is  to  prepare  the  body  for  the  increased  and  more  vigor¬ 
ous  action  which  it  may  be  called  upon  to  exercise  in  an  emergency.  The 
heart  beats  more  rapidly  and  more  forcefully.  The  blood  vessels  of  the 
muscles  dilate  while  those  of  the  skin  and  digestive  tract  constrict.  In 
this  way  more  blood  is  forced  through  the  muscles.  The  lungs  expand 
and  contract  more  vigorously,  increasing  the  supply  of  oxygen  and  re¬ 
leasing  carbon  dioxide  more  rapidly  from  the  body.  The  liver  discharges 
an  increased  amount  of  sugar  into  the  blood  stream.  Thus  the  muscles 
are  prepared  to  act  to  their  greatest  capacity.  The  adrenal  medulla  is 
stimulated  to  pass  adrenaline  into  the  blood  under  the  emotional  stresses 
of  anger  and  fear. 

The  hormone  of  the  adrenal  cortex,  called  cor  tin,  has  been  obtained 
as  an  extract  but  not  as  a  chemically  pure  substance.  Hence  its  chemical 
nature  is  not  definitely  known.  The  function  or  functions  of  cortin  are 
not  clearly  understood.  It  is  certain  that  its  absence  from  the  circulatory 
system  causes  Addison’s  disease,  a  wasting  malady,  which  can  be  treated 
effectively  only  by  the  administration  of  the  extract.  There  is  some  evi- 
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dence  that  the  cortical  hormone  affects  the  development  and  functioning 
of  the  reproductive  organs  in  both  the  male  and  female. 

3.  THE  THYROID  GLAND 

The  thyroid  gland  is  a  soft,  yellowish-red  gland  situated  at  the  base 
of  the  neck  (Fig.  34:1).  Its  shape  and  position  have  been  compared  to 
“a  pair  of  well-filled  panniers  thrown  across  the  back  of  a  pack  animal,” 
the  pack  animal  in  this  case  being  the  trachea  just  below  the  larynx,  the 
panniers  the  right  and  left  lobes  of  the  gland,  and  the  sling  the  isthmus. 
It  is  richly  supplied  with  blood  vessels.  The  hormone  secreted  by  the 
thyroid  gland  is  called  thyroxine.  Its  chemical  formula  is  C15H11O4NI4. 
It  can  now  be  produced  artificially  and  the  synthetic  product  appears 
to  be  as  efficient  as  that  manufactured  in  the  body.  Thyroxine  is  peculiar 
among  bodily  products  in  containing  a  large  amount  of  iodine,  65  per 
cent  by  weight. 

If  the  thyroid  gland  is  removed  from  young  tadpoles  they  remain  in 
the  larval  state  and  fail  to  metamorphose  into  frogs.  If  thyroxine  is  in¬ 
jected  into  the  tadpoles  metamorphosis  occurs.  If  normal  tadpoles  are 
fed  thyroxine  metamorphosis  occurs  prematurely  into  small  frogs.  The 
chief  function  of  the  thyroid  gland  in  mammals  is  believed  to  be  to  regu¬ 
late  the  basal  metabolism  of  the  body.  Since  metabolism  is  necessary  for 
the  growth  and  differentiation  of  the  cells,  malfunction  of  the  thyroid 
has  marked  and  profound  effects  on  the  whole  organism.  Three  different 
conditions  may  arise. 

First,  the  thyroid  gland  may  not  be  supplied  with  the  materials  re- 
cpiired  to  manufacture  its  secretion.  T  his  occurs  in  various  regions  in  the 
world  wlu're  iodine  sc'cins  to  be  lacking  from  the  drinking  water.  One  of 
the  best  known  of  tlicse  regions  is  the  Swiss  Alps  and  neighboring  portions 
of  Austria,  Italy,  ( lermany,  and  I'ranca'.  In  the  FInited  States  theie  is  a 
so-call(‘d  goiter  belt  around  tlu'  (ir(\at  Fakes  and  the  uppci  Mississippi 
Vall(‘y.  In  response  to  this  hu  k,  tlu'  gland  grows  larger.  The  enlargement 
of  the  gland  gives  ris(‘  to  a  swelling  in  th<‘  neck  called  goiter.  The  condi¬ 
tion  is  corrected  by  adding  small  (luantities  of  iodine  to  the  drinking 
wat(‘r  or  table  salt.  The  second  condition  arises  Irom  a  deficiency  01  in 


)f  tlie  gland  itself  and  varies  according  to 
•(iv(‘  in  early  life  or  in  later  life.  If  the  atro- 
infancy  tlu'  child  becomes  a  cretin.  Such 
V  years  but  wIkmi  twenty-live  or  thirty  still 
.  “Stuntc'd,  pot-bellied  and  ugly,  they  have 
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the  intelligence  of  cnildren  of  four  or  five.”  In  not  too  severe  cases  de¬ 
ficiency  of  the  thyroid  may  be  corrected  by  the  feeding  of  thyroxine  or  i 
the  fresh  thyroids  of  such  an  animal  as  the  sheep.  Deficiency  of  the 
thyroid  in  later  life  gives  rise  to  the  condition  known  as  myxedema,  a 
disease  characterized  by  a  blunting  of  the  mental  activities  and  swellings 
under  the  skin,  together  with  a  decreased  metabolic  rate.  The  third  con¬ 
dition  is  due  to  overfunction  of  the  thyroid  leading  to  an  excess  of  thy-  | 
roxine  in  the  blood.  This  gives  rise  to  the  disease  known  as  exophthal¬ 
mic  goiter,  in  which  there  is  an  increased  metabolic  rate  associated  with 
nervousness  and  a  pronounced  protrusion  of  the  eyes. 

4.  THE  PARATHYROID  GLANDS  I 

The  parathyroid  glands  (Fig.  34:1)  consist  of  four  small  bodies  situ¬ 
ated  in  pairs  on  either  side  of  the  thyroid  gland  or  actually  imbedded  in 
its  substance.  The  hormone  which  they  secrete,  called  parathormone,  I]. 
has  been  obtained  in  extract  only.  It  has  been  shown  to  regulate  calcium  I 
metabolism  by  controlling  the  calcium  content  of  the  blood.  Removal  [I 
of  the  parathyroid  glands  causes  an  excessive  excitability  of  the  nervous  | 
system  with  violent  muscular  contractions,  called  tetany,  which  can  be  n 
corrected  by  injections  of  the  extract  of  the  gland.  When  the  extract  is 
administered  to  normal  animals  softening  of  the  bones  occurs  due  to 
calcium  passing  from  them  into  the  blood  and  being  excreted. 

5.  THE  PITUITARY  BODY 

In  man  the  pituitary  (Fig.  34:1)  is  a  small  gland  about  the  size  and 
shape  of  a  pea  situated  almost  exactly  in  the  center  of  the  head.  It  is 
suspended  from  the  infundibulum  on  the  under  side  of  the  brain  by  a 
stalk  and  lies  in  a  recess  in  one  of  the  bones  forming  the  floor  of  the  cra¬ 
nium.  It  consists  of  three  parts  called  respectively  the  anterior,  inter¬ 
mediate,  and  posterior  lobes.  The  pituitary  has  been  named  the 
“master  gland”  because  of  the  control  which  it  exerts  over  the  other 
glands  of  internal  secretion.  Seven  different  hormones  are  claimed  for 
the  anterior  lobe,  one  for  the  intermediate  lobe,  and  two  for  the  posterior 
lobe. 

The  hormones  of  the  anterior  lobe  fall  into  two  groups:  one  group 
controlling  the  growth  of  the  body  as  a  whole  or  the  growth  of  other 
endocrine  glands,  the  other  group  controlling  metabolic  processes.  To 
the  first  group  belong  the  somatotropic,  gonadotropic,  thyrotropic,  and 
adrenotropic  hormones.  To  the  second  group  belong  the  lactogenic. 
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diabetogenic,  and  ketogenic  hormones.  The  somatotropic,  or  growth- 
stimulating  hormone,  when  produced  in  more  than  normal  amounts 
causes  gigantism,  when  produced  in  less  than  normal  amounts,  dwarfism. 
The  gonadotropic  or  gonad-stimulating  hormone  regulates  the  growth 
of  the  ovaries  in  the  female  and  the  testes  in  the  male  and  will  be  re¬ 
ferred  to  in  Chap.  35,  Reproduction.  The  thyrotropic,  or  thyroid-stim¬ 
ulating,  and  the  adrenotropic,  or  adrenal-stimulating,  hormones  regu¬ 
late  the  growth  of  these  glands.  In  excess  they  cause  over  activity  of  the 
glands  with  the  corresponding  effects.  Their  deficiency  causes  under¬ 
activity  of  the  glands.  The  lactogenic  hormone,  called  also  prolactin 
(L.  lac^  lactis^  milk),  promotes  the  growth  of  the  mammary  glands  during 
the  later  part  of  childbearing  and  the  secretion  of  milk  by  the  glands 
immediately  after  the  child  is  born.  The  diabetogenic  hormone  aids  in 
regulating  the  utilization  of  carbohydrates  and  fats.  The  ketogenic 
hormone  influences  fat  metabolism  and  may  be  identical  with  the  dia¬ 
betogenic  hormone. 

The  hormone  formed  by  the  intermediate  lobe  is  called  intermedin. 
In  frogs  this  hormone  causes  the  expansion  of  the  melanophores,  cells  in 
the  skin  which  contain  a  black  pigment.  These  cells  are  responsible  for 
the  change  in  color  in  frogs,  which  become  light  colored  when  placed 
against  a  light  background  and  dark  colored  when  placed  against  a 
dark  background.  Frogs  from  which  the  pituitary  gland  has  been  re¬ 
moved  remain  light  in  color  even  when  placed  against  a  dark  back¬ 
ground.  When  injected  with  extracts  of  the  pituitary  they  become  very 
dark  even  when  kept  in  light  surroundings.  In  mammals  a  hormone 
which  appears  to  be  identical  with  intermedin  when  injected  produces 
effects  similar  to  those  produced  by  the  diabetogenic  and  ketogenic 
hormones  of  the  anterior  lobe.  Two  different  hormones  are  recognized  in 
the  posterior  lobe.  One  of  these,  called  pitressin,  regulates  the  water 
content  of  the  body  and  blood  pressure;  the  other,  called  pitocin  or 
oxytocin,  stimulates  the  smooth  muscles  to  contract. 


6.  OTHER  ENDOCRINE  ORGANS 

I  he  endocrine  functions  ol  (he  reproductive  organs  will  be  considered 
in  C!hnp.  35,  R('produ('(ion.  d  he  thymus  gland  forms  two  large  masses 
over  the  lu'art  whi('h  dcv(‘lo|)  rapidly  during  childhood  and  after  puberty 
r(‘grcss  so  (hat  litll(‘  Iract'  of  tlicm  nanains  in  the  adult.  It  is,  however, 
doubtful  wh(‘(h('r  th(‘  thymus  gland  has  an  endocrine  function.  The 
pineal  body  a((ach(‘d  to  (h(‘  roof  of  the  brain  is  another  case  of  an  organ 
which  has  been  assigned  an  (Midocrine  function,  but  so  far  has  not  been 
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proved  to  have  one,  although  recent  accurate  work  suggests  a  maturinv 
effect  on  the  body. 

7.  THE  INTERACTION  OF  THE  ENDOCRINE  GLANDS 

The  endocrine  organs  and  their  secretions  constitute  a  delicateh 
balanced  and  complex  regulatory  mechanism.  Although  in  the  abov( 
discussion  separate  and  definite  functions  have  been  assigned  to  th( 
different  glands,  probably  no  gland  ever  acts  alone  to  produce  a  singk 
effect;  any  change  in  its  functioning  affects  other  glands  which  in  tun 
affect  still  other  glands  so  that  the  whole  mechanism  becomes  changed. 
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Questions 

1.  What  is  a  hormone?  Illustrate  your  answer  with  an  example. 

2.  Where  is  insulin  formed?  What  is  its  function  in  the  body?  What  is  known 
regarding  its  chemical  composition? 

3.  Where  is  adrenaline  formed?  What  is  its  chemical  formula?  What  effect  does 
it  produce  on  the  body? 

4.  Name  the  secretion  of  the  thyroid.  What  is  the  chemical  composition  of  the 

secretion?  Discuss  the  effects  of  deficiency  and  excess  of  the  secretion.  I 

5.  Where  are  the  parathyroid  glands?  Are  they  necessary  to  life?  N 

6.  Name  the  secretions  of  the  anterior  lobe  of  the  pituitary  gland  and  discuss  the  || 
effects  of  their  deficiency  and  excess. 

Suggestion  for  Further  Reading 

Hoskins,  R.  G.,  The  Tides  of  Lije,  the  Endocrine  Glands  in  Bodily  Adjustment^  W.  W.  ' 
Norton  &  Company,  Inc.,  New  York,  1933.  I 
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.  IN  THE  FROG 

The  testes  of  the  frog  are  two  small,  white,  sausage-shaped  bodies 
vhich  lie  in  the  body  cavity  one  on  the  ventral  side  of  each  kidney  and 
ire  attached  to  it  by  a  thin  supporting  membrane  called  the  mesorchium 
Fig.  35:1).  The  interior  of  a  testis  consists  of  numerous  fine  tubules 
ined  by  a  cellular  membrane.  Certain  of  the  cells  in  this  membrane 
jive  rise  to  spermatozoa  by  a  process  called  spermatogenesis  which  will 
)e  described  in  a  later  chapter.  The  spermatozoa  when  formed  pass  into 
he  cavities  of  the  tubules.  The  tubules  lead  into  a  number  of  small 
lucts  called  vasa  efferentia  'vhich  pass  from  the  testis  through  the  me- 
orchium  to  the  kidney  where  they  connect  with  the  collecting  tubules, 
fhe  spermatozoa  pass  through  the  collecting  tubules  to  the  ureter  and 
hrough  it  to  the  cloaca  and  to  the  exterior.  In  many  species  of  frogs  the 
irctcr  is  dilated  to  form  a  seminal  vesicle,  but  in  our  common  American 
pecies,  pipiens,  this  is  not  the  case. 

d’he  ovaries  of  the  frog  lie  in  the  abdominal  cavity  ventral  to  the 
ddneys,  corresponding  in  number  and  position  to  the  testes.  At  the 
)eginning  of  the  breeding  season,  which  occurs  in  the  spring,  they  are 
arge  irregular  masses  which  almost  comj^lctely  fill  the  body  cavity 
ind  the  innumcTable  small  black  and  white  eggs  which  they  contain 
j^^ve  to  the  organ  a  sjx'ckled  appearance.  The  eggs  are  liberated  from 
he  ovaries  into  the  body  eavaty.  from  the  body  cavity  the  eggs  pass 
hrough  funiK'l-shajK'd  opiaiings  into  the  oviducts.  The  oviducts  are 
ong,  coiled  tuix's  with  thiek,  glandular  walls  which  secrete  a  gelatinous 
iiat(Tial  with  whi('h  th(‘  (‘ggs  beeouu'  surrounded  as  they  pass  thiough. 
The  [)ost(‘rior  end  of  each  oviduet  is  continuous  with  a  thin-walled, 
iistensibic  tube,  tin*  uterus,  whii'h  ojiens  elose  to  its  lellow  of  the  opposite 
;i(le  into  the  eloaea.  When  the  eggs  are  laid  the  gelatinous  material  with 

vhieh  they  are  surrounded  absorbs  largt'  cjuantitics  ol  water  so  that  they 
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become  distributed  in  a  mass  of  jelly.  This  mass  of  jelly  is  usually  founc 
attached  to  twigs  or  other  objects  in  the  water. 

In  most  temperate  countries  the  breeding  season  occurs  in  the  spring 
At  this  time  frogs  congregate  in  the  shallow  water  of  ponds  and  marshe 
and  in  the  male  the  clasping  instinct  becomes  dominant  over  all  othei 

Opening  of  oviduct  into  coelom 
Dorsal  aorta 
Posterior  vena  cava 


Fat  body 


Testis 


Oviduct 

Adrenal  bodies" 

Kidneys 

Mesonephric  ducts 
or  ureters 
Uterine  dilation  of  oviduct 
Vestigial  oviduct  in  male 
Openings  of  ureters 

-Cloaca 


MALE 


Opening  of 
oviduct  into 
cloaca 


FEMALE 


Fig.  35:1  The  reproductive  organs  of  the  frog.  From  L.  L.  Woodruff,  Animal  Biology 
The  Macmillan  Company. 


instincts.  The  male  clasps  the  female  with  his  fore  legs  just  behind  hei 
fore  legs  and  hangs  tightly,  maintaining  his  hold  until  she  lays  her  eggs 
So  strong  is  the  clasping  reflex  that  the  body  of  the  male  may  be  severer 
in  the  middle  and  the  fore  part  still  maintain  its  hold  on  the  female  foi 
hours. 

Usually  the  eggs  are  laid  only  after  the  male  has  clasped  the  female 
for  several  days.  Previous  to  laying,  the  eggs  collect  in  the  two  uter 
which  become  enormously  distended.  When  the  eggs  are  about  to  be 
laid  the  pair  sink  to  the  bottom  of  the  pond  and  as  the  female  passes  hei 
eggs  into  the  water,  the  male  discharges  his  sperm  over  them,  the  sper¬ 
matozoa  penetrating  through  the  jelly  to  the  eggs  and  fertilizing  them 
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\fter  the  male  has  discharged  his  spermatozoa  the  clasping  reflex  dis- 
ippears,  the  pair  separates,  and  the  frogs  scatter,  each  to  lead  his  own 
jolitary  life  until  the  next  breeding  season. 

The  development  of  the  frog’s  egg  will  be  considered  in  detail  in  a 
ater  chapter;  it  will  sufhce  for  the  present  to  outline  the  life  history, 
rhe  egg  develops  into  a  fishlike  creature  called  a  tadpole  or  “polliwog,” 
^ith  a  long  tail  and  a  large  head.  The  tadpole  is  a  larva  and  after  a  cer- 
;ain  period  metamorphoses  into  a  frog.  The  metamorphosis  consists  of 
the  loss  of  the  tail,  the  development  of  fore  and  hind  legs  and  of  lungs  to 
"eplace  the  gills,  and  of  many  other  less  evident  changes,  which  transform 
the  aquatic  larva  into  the  semiterrestrial  frog. 


Bladder 


Fig.  35:2  The  human  male  reproductive  system.  A  diagrammatic  sagittal  section.  After 
Haggard,  The  Science  oj  Health  and  Disease,  by  permission  of  Harper  &  Brothers. 

2.  IN  MAN 

A.  MALE  REPRODUCTIVE  ORGANS 

The  human  testes  arc  two  small  bodies  of  about  the  size  and  shape  of 
a  pigeon’s  egg.  They  are  contained  in  a  sac,  the  scrotum,  which  hangs 
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from  the  lower  anterior  wall  of  the  abdomen  (Fig.  35:2).  The  two  sepa¬ 
rate  cavities  in  the  scrotum  which  the  testes  come  to  fill  are  parts  of  the 
coelom  and  are  continuous,  in  the  embryo  and  in  some  cases  in  the  adult, 
with  the  peritoneal  cavity  through  two  short,  narrow  canals  called  the 
inguinal  canals.  The  testes  undergo  their  early  development  in  the 


Fig.  35:3  A  diagrammatic  section  of  the  human  testis.  After  Haggard,  The  Science  oj 
Health  and  Disease,  by  permission  of  Harper  &  Brothers, 

abdominal  cavity  in  a  position  corresponding  approximately  to  that 
which  they  occupy  permanently  in  the  frog  and  are  also  connected  with 
the  embryonic  kidney  in  a  way  similar  to  that  in  which  they  are  con¬ 
nected  in  the  frog.  A  short  time  before  birth,  or  sometimes  after  birth, 
each  testis  descends  into  the  scrotal  sac,  carrying  with  it  the  portion  of 
the  embryonic  kidney  with  which  it  has  become  involved,  and  retaining 
its  connections  with  the  sperm  duct  or  vas  deferens,  blood  vessels,  and 
nerves. 

The  microscopic  structure  of  the  human  testis  (Fig.  35:3)  in  its  main 
outline  is  not  unlike  that  of  the  frog.  It  consists  of  numerous  coiled 
seminiferous  tubules.  The  portion  of  the  embryonic  kidney  which 
moves  into  the  scrotal  sac  with  the  testis  is  converted  into  the  epidid-  ‘ 
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frmis,  a  fine  tube  20  feet  or  more  in  length,  but  coiled  against  the  testis 
;o  as  to  appear  as  little  more  than  a  bulge  on  the  latter  (Fig.  35:2).  The 
md  of  the  epididymis  is  continuous  with  the  vas  deferens  or  sperm  duct. 
Fogether  with  the  nerves  and  blood  vessels  to  the  testis  and  a  certain 
amount  of  supporting  tissue,  the  vas  deferens  forms  the  spermatic  cord 
which  passes  from  the  scrotum  through  the  inguinal  canal  into  the 
abdominal  cavity. 

After  leaving  the  inguinal  canal  the  vas  deferens  curves  round  on  the 
side  wall  of  the  pelvic  cavity  and  passes  behind  the  urinary  bladder 
where  it  receives  the  opening  of  a  glandular  structure  called  the  seminal 
vesicle.  The  two  seminal  vesicles  are  closely  applied  to  the  correspond¬ 
ing  ducts  and  lie  between  the  rectum  and  the  bladder.  Beyond  the  sem¬ 
inal  vesicles  the  vasa  deferentia  become  the  ejaculatory  ducts.  These 
are  slender  tubes  about  an  inch  in  length  which  pass  through  the  pros¬ 
tate  gland  to  open  into  the  urethra.  The  secretion  of  the  prostate  gland 
passes  by  numerous  small  ducts  into  the  upper  portion  of  the  urethra. 
The  urethra  passes  through  the  penis  to  open  at  its  tip. 


B.  FEMALE  REPRODUCTIVE  ORGANS 

The  human  ovary  is  a  solid  body  about  the  size  and  shape  of  a  large 
almond.  In  the  adult  it  lies  against  the  side  wall  of  the  pelvic  cavity  with 
which  it  is  connected  by  folds  of  the  peritoneum  (Fig.  35:4).  The  ovary 
of  a  child  contains  thousands  of  potential  eggs,  but  only  three  or  four 
hundred  ever  reach  maturity.  Beginning  on  the  average  in  the  fourteenth 
year,  the  eggs  mature  one  at  a  time  at  intervals  of  about  28  days.  When 
mature  the  egg  is  contained  in  a  Graafian  follicle  which  is  about  as  large 
as  a  small  cherry  and  bulges  from  the  surface  of  the  ovary.  It  contains  a 
large  amount  of  liquid  and  on  one  side,  in  a  thickening  of  its  wall,  is 
the  minute  ovum  or  egg  cell  which  is  about  0.2  millimeter  in  diameter. 
On  reaching  maturity  the  follicle  ruptures  and  its  contents,  including 
the  ovum,  arc  extruded  into  the  body  cavity  in  the  vicinity  of  the  open¬ 
ing  of  the  oviduct.  The  liberation  of  the  egg  from  the  ovary  is  called 
ovulation. 

The  opening  of  each  oviduct  into  the  body  cavity  is  enlarged  to  form 
a  funnel-shaped  structure  called  the  infundibulum,  the  irregular, 
rring(xl  margin  of  which  becomes  applied  to  the  ovary  and  receives  the 
(*gg.  The  pair(‘d  oviducts,  called  also  Fallopian  tubes,  or  uterine  tubes, 
open  on  either  sid(‘  into  the  single,  unpaired  uterus.  The  uterus  or  womb 
is  n  hollow,  thick-walled,  muscular  organ,  located  in  the  pelvic  cavity 
l)ctwccn  the  rectum  behind  and  tlu'  urinary  bladder  in  front.  In  shape 
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and  size  it  is  not  unlike  a  closed  hand,  but  somewhat  smaller,  d'he  broad 
end  projects  upward  into  the  pelvic  cavity  while  the  lower  end,  which 
constricted,  projects  into  the  vagina.  This  latter  is  a  slightly  curved 
muscular  tube  about  3  inches  in  length.  The  rounded  projection  of  the 
uterus  into  the  vagina  is  called  the  cervix  of  the  uterus.  In  the  young 


Fig.  35:4  The  human  female  reproductive  system.  A  diagrammatic  sagittal  section  of 
the  pelvis,  .\fter  Haggard,  Thf  Science  of  Health  and  Disease^  by  permission  of  Harper  & 
Brothers. 

the  external  opening  of  the  vagina  is  partly  closed  by  a  membrane  called 
the  hymen.  The  vagina  opens  just  posterior  to  the  opening  of  the 
urethra  and  the  two  openings  lie  in  a  depression  called  the  vestibule, 
surrounded  by  two  folds  of  skin  called  the  inner  and  the  outer  lips. 


5 

E 
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C.  PUBERTY 


It  is  usually  difficult  or  impossible  to  tell  whether  a  newborn  baby  is 
a  boy  or  girl  from  its  general  bodily  characteristics;  only  in  the  sexual 
organs  do  the  sexes  differ  at  this  age.  As  development  proceeds  differences 
begin  to  be  noticed  until  finally  rather  suddenly  the  girl  begins  to  take 
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□n  the  form  of  a  woman,  and  the  boy  that  of  a  man.  In  the  girl  the  hips 
become  broad,  the  breasts  prominent,  the  general  contour  of  the  body 
rounded,  and  the  voice  remains  high  pitched.  The  boy  becomes  broad 
shouldered,  his  muscles  develop,  the  contour  of  his  body  becomes  angu¬ 
lar,  his  voice  changes  to  a  lower  pitch,  and  he  grows  a  beard.  With  these 
structural  changes  come  the  changes  in  temperament  and  interests  which 
are  associated  with  womanhood  and  manhood. 

These  profound  changes  in  body  and  mind  have  been  shown  to  be 
due  to  the  internal  secretions  of  certain  of  the  ductless  glands.  As  already 
mentioned  in  the  chapter  on  endocrines,  general  growth  of  the  body  is 
stimulated  by  the  growth-stimulating  hormone  of  the  anterior  lobe  of 
the  pituitary.  The  growth  and  development  of  the  reproductive  organs 
has  been  shown  to  be  stimulated  by  the  gonad-stimulating  hormone, 
also  a  secretion  of  the  anterior  lobe.  In  the  girl  from  early  childhood  on, 
follicles  have  been  forming  round  the  egg  cells  in  the  ovaries.  These 
first  follicles  do  not  mature,  but  after  a  certain  development  regress  and 
are  absorbed  with  the  eggs  which  they  contain.  However,  during  this 
partial  development,  the  ovarian  follicles  form  an  internal  secretion, 
called  oestrin,^  which,  passing  into  the  blood,  promotes  the  gradual 
development  of  the  characteristics  which  distinguish  her.  Similarly,  the 
boy,  in  response  to  the  gonad-stimulating  hormone  secreted  in  the  an¬ 
terior  lobe  of  his  pituitary,  begins  to  produce  in  the  interstitial  cells  of 
his  testes,  which  occupy  the  spaces  between  the  seminiferous  tubules, 
testicular  hormone  ^  which  stimulates  and  regulates  the  development  of 
the  characters  which  distinguish  his  sex. 

Beginning  on  the  average  during  the  fourteenth  year  and  recurring  on 
the  average  every  28  days,  there  occurs  in  girls  and  women  a  flow  of 
blood  from  the  vagina  called  menstruation.  The  flow  of  blood  usually 
lasts  about  3  days.  Menstruation  continues  up  to  the  forty-eighth  year 
on  the  average  when  its  cessation  marks  the  menopause  or  change  of 
life.  However,  tlu'  ages  at  which  menstruation  begins  and  ends,  its 
regularity,  the*  inttTval  between  the  periods  of  bleeding,  and  the  amount 
of  blood  vary  with  th('  individual,  climate,  race,  and  other  factors. 
During  this  period  of  28  days  ('xtending  from  the  beginning  of  one  men¬ 
strual  j)(!riod  to  th(‘  beginning  of  the  next,  the  reproductive  organs  go 
through  a  series  of  changes  which  constitute  the  menstrual  cycle.  The 
blood  whi('h  gives  ris(‘  to  menstruation  comes  from  the  blood  vessels  of 
die  mucous  lining  of  th(‘  uterus,  the  inner  layer  of  which  disintegrates  at 
this  diuf*. 

'  'TVrtnrd  ;ils()  rstro.ir,  llirrlin,  follirnlin,  rstroprnic  hormone,  female  hormone. 

’  rn  iued  trsloslrronr,  .mdrosteroiie,  iindrotin,  male  hoi  mone. 
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D.  OVULATION  AND  FERTILIZATION 

Ovulation,  or  the  liberation  of  the  egg  from  the  ovary,  occurs  mid¬ 
way  between  menstrual  periods  and  we  may  divide  the  menstrual  cycle 
into  three  parts:  a  menstrual  period,  a  preovulatory  period,  and  a  post¬ 
ovulatory  period.  We  shall  begin  our  description  with  the  preovulatory 
period.  During  this  period  the  mucous  lining  of  the  uterus,  which  be¬ 
came  disintegrated  during  menstruation,  is  regenerated.  At  the  same 
time  a  Graafian  follicle  in  one  of  the  ovaries  grows  much  larger  than  any 
of  the  others  (Fig.  37:4).  The  final  rupture  of  the  Graafian  follicle  gives 
rise  to  ovulation.  During  the  days  immediately  preceding  ovulation  the 
secretion  of  oestrin  by  the  follicle  cells  of  the  ovary  is  especially  active 
and  this  stimulates  growth  and  enlargement  of  the  uterus.  This  stimula¬ 
tion  of  the  uterus  to  growth  and  enlargement  is  continued  into  the  post¬ 
ovulatory  period  due  to  the  large  amount  of  oestrin  contained  in  the 
follicular  fluid  which  is  liberated  when  Graafian  follicles  burst.  The 
postovulatory  period  is  characterized  by  changes  in  the  follicle  from 
which  the  egg  was  discharged.  This  follicle  becomes  transformed  into 
a  mass  of  yellow  tissue  called  the  corpus  luteum.  The  corpus  luteum 
forms  a  hormone  called  progestin.  Progestin,^  like  oestrin,  acts  on  the 
mucous  lining  of  the  uterus,  but  affects  especially  the  inner  layer  of  its 
mucous  lining,  causing  it  to  swell  and  become  highly  vascular.  Thus  the 
uterus  is  prepared  for  the  egg  which  passes  down  the  Fallopian  tube  and 
arrives  there  about  4  days  after  ovulation.  If,  as  most  frequently  occurs, 
the  egg  should  not  be  fertilized,  it  passes  through  the  uterus  and  is 
discharged.  Some  time  after  this  occurs,  the  inner  lining  of  the  uterus, 
failing  to  have  received  the  egg,  disintegrates,  marking  the  end  of  the 
postovulatory  period  and  the  beginning  of  menstruation.  During  the 
menstrual  period  the  corpus  luteum  declines,  and  the  secretion  of  pro¬ 
gestin  falls  off  suddenly. 

Copulation  in  mammals  consists  of  the  insertion  of  the  penis  into  the 
vagina,  and  the  injection  into  it  of  a  quantity  of  fluid  called  semen 
containing  spermatozoa  and  the  secretions  of  the  prostate  gland  and  of 
the  walls  of  the  seminal  vesicle.  Human  spermatozoa  are  minute  thread¬ 
like  bodies  about  0.05  millimeter  in  length  and  enlarged  at  one  end  into 
a  head  which  is  almost  entirely  nucleus.  Fertilization  normally  occurs 
in  the  Fallopian  tubes.  Although  the  spermatozoa  are  actively  motile 
it  seems  unlikely  that  they  make  their  way  to  the  egg  under  their  own 
power.  Recent  investigations  on  animals  seem  to  indicate  that  the 
semen  is  moved  forward  by  contractions  in  the  walls  of  the  uterus  and 


^  Termed  also  progesterone,  lutin. 
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oviducts  in  a  way  similar  to  that  in  which  peristalsis  moves  the  food 
materials  in  the  intestines.  A  distinction  is  made  between  copulation 
which  refers  to  the  union  of  the  male  and  female,  insemination  which 
means  the  introduction  of  sperm  from  one  individual  (male)  into  an¬ 
other  individual  (female),  and  fertilization  which  involves  the  union  of 
egg  and  sperm.  ’ 

E.  THE  GENERAL  ACCOUNT  OF  THE  DEVELOPMENT  OF  THE 
EMBRYO  AND  FOETUS 

If  the  egg  is  fertilized  the  menstrual  cycle  is  interrupted  and  preg¬ 
nancy  intervenes.  The  fertilized  egg  begins  to  divide  while  still  in  the 
Fallopian  tube.  By  the  time  it  reaches  the  uterus  it  has  increased  some¬ 
what  in  size  and  consists  of  a  single  layer  of  cells  called  the  trophoblast, 
forming  a  fluid-filled  vesicle  containing  a  small  mass  of  cells,  the  inner 
cell  mass,  attached  to  it  on  the  inside.  The  trophoblast  secretes  an 
enzyme  which  digests  the  cells  of  the  mucous  lining  of  the  uterus  and 
literally  eats  itself  into  the  uterine  wall.  This  entrance  of  the  ovum  into 
the  uterine  wall  is  called  implantation.  The  irritation  of  the  mucous 
membrane  caused  by  the  implantation  of  the  ovum  stimulates  the  uterus 
to  further  growth  and  leads  to  the  formation  of  the  placenta. 

The  placenta  begins  to  develop  immediately  after  the  implantation 
of  the  ovum.  This  structure,  which  establishes  the  connection  between 
the  mother  and  child  and  furnishes  the  means  of  transfer  of  food  materials 
and  waste  products,  is  formed  partly  from  tissue  developed  from  the 
egg  and  partly  from  the  wall  of  the  uterus  (Fig.  36:17).  The  two  tissues 
become  closely  applied  to  each  other  but  there  is  never  any  continuity 
between  the  blood  vessels  of  the  mother  and  the  blood  vessels  of  the 
embryo,  which  develops  its  own  blood  and  blood  cells.  There  is  also 
never  any  nervous  connection  between  the  two  organisms.  The  transfer 
of  food  substances  and  waste  products  and  the  exchange  of  gases  occur 
by  diffusion  through  the  walls  of  the  blood  vessels.  This  state  of  affairs 
is  often  a  fortunate  one  for  the  developing  child  since  the  germs  of  nearly 
all  infectious  diseases  are  unable  to  pass  from  the  mother  to  the  child. 

The  embryo  develops  from  the  embryonic  cell  mass  within  the  tropho¬ 
blast.  It  li(‘s  in  a  fluid-filled  cavity  called  the  amniotic  cavity  surrounded 
by  the  placenta  with  which  it  is  connected  only  by  along,  usually  coiled 
cord,  the  umbilical  cord  (Fig.  35:5).  In  this  cord,  which  is  developed 
from  the  <‘gg,  an'  the  two  arteries  and  vein  which  pass  from  the  embryo 
to  that  portion  of  the  placenta  which  is  also  developed  from  the  egg. 
During  the  first  6  weeks  of  its  prenatal  life,  the  new  individual  is  called 
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Placenta 


an  embryo.  From  that  time  until  birth  it  is  called  a  foetus.  The  growth 
of  the  embryo  is  gradual,  an  embryo  at  the  end  of  the  first  month 
measuring  about  7.5  millimeters  or  inch  in  length;  one  at  the  end 
of  the  first  6  weeks,  about  17  millimeters  or  %  inch.  The  growth  of  the 

foetus  is  more  gradual,  its  length 
Wall  of  at  the  end  of  2  months  being  30 
uterus  millimeters,  3  months,  7  centi¬ 
meters,  4  months,  1 3  centimeters, 
5  months,  20  centimeters  (25 
centimeters  or  1  foot  if  the  legs 
are  included).  At  birth,  which 
usually  occurs  at  the  end  of  10 
lunar  months  or  9  calendar 
months,  the  average  length  is  50 
centimeters  or  20  inches. 

With  the  progress  of  preg¬ 
nancy  many  changes  occur  in 
the  mother,  most  if  not  all  of 
which  are  initiated  and  con¬ 
trolled  by  internal  secretions, 
the  exact  nature  and  source  of 
which  arc,  however,  unknown. 
Ovulation  and  menstruation 
cease  immediately  and  are  not 
resumed  until. after  the  child  is 
born.  The  breasts  become  en¬ 
larged  in  preparation  for  the  secretion  of  milk.  Sudden  cessation  of  men¬ 
struation  is  usually  considered  a  sign  of  pregnancy.  A  more  reliable  test 
has  been  recently  developed.  It  has  been  found  that  the  urine  of  pregnant 
women  contains  large  quantities  of  the  gonad-stimulating  hormone  of  the 
anterior  pituitary.  Injection  of  this  into  a  mature  female  rabbit  causes 
ovulation  and  it  is  only  necessary  to  etherize  and  surgically  examine  the 
animal’s  ovaries  16  hours  later  to  determine  whether  the  urine  injected 
was  that  of  a  pregnant  or  nonpregnant  woman. 

At  the  end  of  pregnancy  the  foetus  lies  in  a  fluid-filled  cavity  bounded 
by  the  placenta.  The  beginning  of  childbirth  is  characterized  by  con¬ 
tractions  of  the  smooth  muscles  of  the  uterus.  These  contractions  give 
rise  to  the  pains  of  “labor”  which  last  until  the  child  is  born.  The 
muscles  of  the  uterus  are  said  to  be  stimulated  to  contract  by  a  hormone 
called  oxytocin  produced  by  the  pituitary.  These  contractions  gradually 
increase  in  strength  and  after  several  hours  the  child  is  forced  into  and 
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of  the  uterus  j® 

umbilical  cord 

Fig.  35:5  A  uterus  containing  an  advanced 
foetus  attached  to  the  placenta  by  the  umbili¬ 
cal  cord.  From  T.  I.  Storer,  General  Zoology ^ 
McGraw-Hill  Book  Company,  Inc. 
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through  the  birth  canal.  The  birth  canal  is  in  reality  the  vagina  distended 
to  coincide  with  the  opening  of  the  pelvis,  which  has  already  been  re¬ 
ferred  to  in  considering  the  skeleton.  In  most  cases  when  the  child  is 
born  the  placenta  is  left  in  place  in  the  uterus  and  the  umbilical  cord 
which  becomes  uncoiled  extends  from  the  newborn  child  to  the  placenta. 
While  the  umbilical  cord  is  intact  and  the  placenta  in  place  the  child 
continues  to  depend  on  its  mother  for  its  respiration.  To  free  the  child 
from  its  mother,  the  umbilical  cord  is  first  tied  to  prevent  the  child  from 
bleeding  to  death  and  then  cut  on  the  side  toward  the  mother.  When  the 
child  is  born  its  lungs  are  completely  collapsed.  When  the  umbilical 
cord  is  tied  and  the  child  is  no  longer  able  to  depend  on  its  mother  to 
give  it  oxygen  and  take  away  carbon  dioxide,  the  carbon  dioxide  accu¬ 
mulates  in  its  blood.  This  stimulates  its  respiratory  center  in  the  medulla, 
and  the  inspiratory  muscles  of  its  chest  and  diaphragm  contract  filling 
its  lungs  with  air.  Soon  after  the  child  is  born  the  placenta  is  expelled 
from  the  uterus  as  the  “afterbirth.”  Its  separation  from  the  wall  of  the 
uterus  occurs  in  the  vascular  portion  of  the  maternal  mucous  membrane 
and  the  mother  is  prevented  from  bleeding  to  death  by  the  continued 
contractions  of  the  uterine  muscles.  Childbirth  has  always  been  re¬ 
garded  as  a  very  serious  experience  for  both  the  mother  and  the  child; 
both  must  immediately  adjust  themselves  to  greatly  changed  conditions, 
the  mother  to  the  passage  of  the  child  from  her  body  and  the  sudden 
lifting  of  the  burden  of  providing  for  the  infant’s  nourishment  and 
excretion;  the  child  to  the  passing  from  a  truly  parasitic  and  aquatic 
life  in  a  liquid  medium  to  a  relatively  independent  life  in  the  air. 
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Questions 

1.  Describe  tlu!  I)reeding  activities  of  the  frog.  ^ 

2.  Ill  llu:  Ii-OK  irucc  tlic  |>atli  of  a  sperm  from  its  point  of  origin  until  Us  fusion 

with  an  egg. 
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3.  In  the  frog  trace  the  path  followed  by  an  egg  from  its  point  of  origin  until  it 
arrives  in  the  water. 

4.  Describe  the  male  reproductive  organs  in  man  and  trace  the  path  followed 
by  the  sperm. 

5.  Describe  the  female  reproductive  organs  in  man.  Where  does  fertilization 
occur? 

6.  Describe  the  changes  which  occur  in  the  male  and  female  at  puberty. 

7.  Discuss  the  relation  of  ovulation  to  menstruation  and  the  development  of  the 
corpus  luteum. 

8.  Describe  briefly  the  development  of  the  human  embryo  and  foetus. 

9.  Describe  the  sequence  of  events  in  childbirth. 

Suggestion  for  Further  Reading 

Parhsley,  H.  M.,  The  Science  oj  Human  Reproduction^  W.  \V.  Norton  &  Company, 
New  York,  1933. 


PART  V.  Development  and  Heredity 


“Every  animal  appears  as  a  sum  of  living  units,  each  of  which  bears  in 
itself  the  complete  characteristics  of  life.” 


Virchow 


CHAPTER  36 


The  Development  of  the  Individual 
(Embryology) 


1.  THE  ORIGIN  OF  THE  INDIVIDUAL 

We  have  already  seen  that  both  animals  and  plants  reproduce  by  two 
fundamentally  different  methods.  In  asexual  reproduction,  a  part  of 
the  parent  (in  this  case  there  is  only  one  parent)  is  separated  and  grows 
into  a  new  individual.  In  sexual  reproduction  there  is  a  fusion  of  two 
gametes,  an  egg  and  a  sperm,  which  usually  come  from  different 
parents,  and  the  new  individual  which  develops  from  the  fertilized  egg 
contains  materials  from  both  parents.  Thus  in  sexual  reproduction  the 
new  individual  is  “new”  in  the  sense  that  it  usually  contains  new  poten¬ 
tialities  derived  from  the  mixture  of  materials  from  the  two  individuals. 
The  study  of  development  or  embryology  concerns  itself  with  the  de¬ 
velopment  of  the  fertilized  egg,  the  product  of  sexual  reproduction.  The 
processes  (spermatogenesis  and  oogenesis)  which  lead  up  to  and  prepare 
the  egg  and  sperm  to  unite  in  fertilization  will  be  described  in  a  later 
chapter.  We  will  pass  at  this  time  to  a  consideration  of  the  mature 
gametes. 

2.  THE  SPERMATOZOON  AND  THE  OVUM 

The  spermatozoa  of  animals  differ  in  size  and  details  of  structure  but 
nearly  all  agre(‘  in  jTOssessing  a  head  which  is  composed  almost  entirely 

nuclear  matter,  a  long  nagellum  called  the  tail,  and  connecting  these 
two  a  middle  piece  which  contains  the  ccntrosomc  of  the  cell  (Figs.  36.1 
and  36:2).  In  all  animals  the  sperm  requires  a  liquid  medium  for  its 
exislenee  and  for  its  union  with  the  egg.  Fertilization  must  therefore 
always  oeenr  in  the  wat('r  as  in  aquatic  forms  or  in  specially  constructed 
capsules  ((‘arthwonn),  or  within  the  body  of  the  female  (insects,  vcitt- 
brates,  and  most  land  animals). 
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The  mature  egg  is  usually  a  more  or  less  spherical  cell  surrounded  by  a 
resistant  nonccllular  covering,  the  vitelline  membrane.  However,  the 


Fig.  36: 1  Egg  and  spermatozoa  of  frog.  A,  spermatozoon  of  Rana  Jusca.  After  Broman. 
1^,  sp)crmatozo6n  of  Rana  escuUnta.  .After  Broman.  C,  section  through  the  fully  formed 
ovarian  egg  of  a  frog.  From  Morgan,  Development  of  the  Froj^'s  Kgg,  The  Macmillan  Com¬ 
pany.  The  animal  pole  is  covered  with  a  thin  layer  of  pigment  and  the  vegetal  pole  is 
filled  with  yolk  Ixjdies.  ITie  large  nucleus,  or  germinal  vesicle,  surrounded  by  a  definite 
nuclear  membrane,  lies  eccentrically  toward  the  animal  pole.  From  Kellicott,  Outlines 
of  Chordate  Development^  by  permission  of  Henry  Holt  and  Company,  Inc. 


eggs  of  animals  difTcr  greatly  in  size  and  structure  and  surrounding 
membranes,  the  difTerenccs  consisting  chiefly  of  adaptations  to  different 


Cytoplasm 


Zona  pellucida 


Nucleus 


Nucleolus 


Yolk  granules 


EGG 

human  egg 


Fig.  36:2  A  human  egg  cell  and  a  sperm 
drawn  to  the  same  scale.  The  actual  diameter  of 
the  human  egg  is  approximately  0.2  millimeter. 


methods  of  development.  There 
is  some  doubt  regarding  a  vitel¬ 
line  membrane  in  mammals 
and  man,  its  place  being  to 
some  extent  taken  by  the  zona 
pellucida  formed  by  the  folli¬ 
cle  cells  which  surrounded  the 
egg  in  the  ovary.  Food  material 
in  the  form  of  yolk  is  stored  in 
the  cytoplasm  of  the  egg  for 
the  use  of  the  embryo  dur¬ 
ing  its  development,  and  the 
amount  of  this  yolk  to  a  great 
extent  determines  the  size  of 


the  egg.  In  those  animals  in  which  the  embryo  reaches  at  an  early  stage  a 
condition  in  which  it  is  able  to  procure  its  own  food  (most  invertebrates), 
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or  in  which  food  is  provided  for  it  by  the  mother  (placental  mammals), 
the  egg  contains  little  yolk  and  is  relatively  small.  When,  on  the  other 
hand,  as  is  conspicuously  the  case  in  reptiles  and  birds,  the  embryo  de¬ 
velops  to  an  advanced  stage  while  still  within  the  egg,  a  great  amount  of 
yolk  is  stored  and  the  egg  is  large.  Thus  all  sizes  of  egg  cells  occur  from 
the  minute  microscopic  ova  of  hydra  or  man  to  the  relatively  enormous 
cell  represented  by  the  “yolk”  of  the  “egg”  of  an  ostrich.  Additional 
food  material  may  be  placed  about  the  egg  outside  the  vitelline  membrane 
as  in  the  case  of  the  jelly  which  covers  the  frog’s  egg  or  the  albumen  of 
the  hen’s  egg  which  is  formed  as  the  “yolk”  passes  down  the  oviduct. 
Eggs  which  are  laid  on  land  and  undergo  their  developemnt  there  are 
usually  provided  with  shells,  which  protect  them  from  mechanical 
injury  and  from  loss  of  moisture.  Such  shells  may  be  formed  of  chitin  as 
in  insect  eggs,  of  horny  material  as  in  reptile  eggs,  or  of  calcareous 
material  as  in  the  eggs  of  birds. 

The  most  important  contributions  of  the  sperm  and  egg  to  the  zygote 
arc  listed  in  Table  36:1. 

TABLE  36:1.  CONTRIBUTIONS  OF  THE  SPERM 
AND  EGG  TO  THE  ZYGOTE 

SPERM  CONTRIBUTES  EGG  CONTRIBUTES 

Ghromosomes  Chromosomes 

Centrosome  Vitelline  membrane 

Cytoplasm 
Yolk 


3.  THE  EARLY  DEVELOPMENT  OF  THE  STARFISH 


The  early  eell  divisions  of  the  fertilized  egg,  called  cleavage,  depend 
to  a  considtTtihlc  extent  on  the  amount  of  yolk  and  the  location  of  the 
nucleus  with  reference  to  the  yolk  in  the  egg.  The  division  of  the  cells  is, 
of  course,  always  jrrecech'd  hy  the  mitotic  division  of  the  nuclei.  We  will 
begin  the  study  of  embryology  with  the  egg  of  the  starfish  (Fig.  36:3) 
since  it  has  a  comparativ('ly  small  amotmt  oi  yolk  and  undergoes  in  its 
early  stages  what  is  believed  to  be  a  relatively  simple  development. 

At  i(s  first  cleavage  the  small  spherical  egg  divides  by  cell  division 
into  two  e(|ual  hemispherical  cells,  giving  rise  to  a  two-celled  stage.  At  the 
second  cleavage  ('ach  of  lli(‘S('  cells  divides,  giving  rise  to  a  four  celled 
stage,  the  pl.-me  of  division  being  at  right  angles  to  the  first.  The  fiist 
two  phm.'s  of  division  may  be  said  to  be  meridional  with  reference  to  the 
spherical  egg  and  its  poles.  'I  he  third  cleavage  is  in  an  equatorial  plane 
at  right  .ingles  to  the  first  two  and  gives  ri.se  to  an  eight-celled  stage. 
In  th,-  fourth  cleavage,  which  leads  to  the  sixteen-celled  stage,  the 
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planes  of  cleavage  are  again  meridional.  Cell  division  proceeds  with 
more  or  less  regularity  until  there  results  a  ball  of  cells  surrounding  a 
cavity.  This  stage  is  called  a  blastula  and  the  cavity  which  it  contains  a 
blastocoel.  The  resemblance  of  the  blastula  stage  of  the  starfish  egg  to 
a  volvox  colony  should  be  noted. 

Although  the  cells  of  the  blastula  form  an  almost  perfect  sphere  and 
are  nearly  all  equal  in  size,  the  cells  at  one  pole,  called  the  animal  pole, 

Oco(S) 

Egg  before  cleavage  Two-celled  stage  Four-celled  stage 


are  somewhat  smaller  than  the  cells  at  the  other  pole,  the  vegetal  pole. 
As  cell  division  continues  the  vegetal  pole  becomes  flattened  and  eventu¬ 
ally  invaginated  into  the  blastocoel,  much  as  one  might  push  in  one  side 
of  a  soft,  hollow,  rubber  ball.  The  blastula  then  becomes  a  gastrula. 
The  invaginated  cells  become  the  endoderm  and  surround  a  new  cav¬ 
ity,  the  enteron,  which  opens  to  the  exterior  at  the  region  of  invagina¬ 
tion  by  an  opening  called  the  blastopore.  The  outer  cells  form  the 
ectoderm  which  at  this  stage  is  ciliated.  Thus  in  the  gastrula  the  cells  are 
diflferentiated  into  two  embryonic  layers,  or  germ  layers.  In  many  re¬ 
spects  the  gastrula  stage  of  the  starfish  has  the  characteristics  of  a  simpli¬ 
fied  coelenterate.  Indeed  if  we  imagine  hydra  devoid  of  its  tentacles  and 
contracted,  as  it  sometimes  is,  into  a  small  sphere  it  would  closely 
resemble  a  gastrula.  It  should  be  noted  that  the  cells  of  the  hydra  show  a 
much  greater  structural  dififerentiation  than  those  of  the  gastrula  and 
are  in  fact  fully  diflferentiated  cells,  while  the  cells  of  the  gastrula  are 
embryonic  cells  which  have  yet  to  undergo  differentiation  and  special¬ 
ization. 
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As  the  development  proceeds,  from  the  inner  end  of  the  enteron  two 
pouches  grow  out  into  the  blastocoel.  Later  these  pouches  become 
separated  from  the  enteron  and  their  cavities  become  a  part  of  the  coelom 
of  the  starfish.  During  this  development  the  blastopore  becomes  the  anus 
and  the  mouth  is  developed  as  a  new  opening  between  the  enteron  and 
the  exterior.  The  gastrula  develops  into  a  larva  which  swims  about  and 
later  settles  to  the  bottom  and  changes  into  a  starfish. 


4.  THE  DEVELOPMENT  OF  THE  FROG 
A.  CLEAVAGE  AND  GASTRULATION 

The  egg  of  the  frog  is  about  2  millimeters  in  diameter  and  compared 
with  that  of  the  starfish  contains  a  relatively  large  amount  of  yolk.  The 
large  nucleus  is  located  somewhat  toward  one  pole  which  is  recognized 
as  the  animal  pole  and  distinguished  from  the  opposite  pole  which  is 
called  the  vegetal  pole.  Usually  as  the  eggs  float  in  the  water  the  animal 
pole  is  uppermost.  The  upper  hemisphere  containing  the  animal  pole  is 
dark  in  color  due  to  a  layer  of  brown  pigment  which  lies  just  under  the 
vitelline  membrane. 

The  beginning  of  the  first  cleavage  is  marked  .by  a  furrow  on  the  sur¬ 
face  of  the  egg  which  starts  at  the  animal  pole  and  gradually  extends 
toward  the  vegetal  pole  dividing  the  egg  into  two  cells  (Fig.  36:4).  This 
division,  which  since  it  passes  from  pole  to  pole  may  be  called  merid¬ 
ional,  is  followed  by  a  second  meridional  division  at  right  angles  to 
the  first  which  also  begins  at  the  animal  pole.  The  result  of  this  second 
cleavage  is  the  four-celled  stage.  The  third  cleavage  is  parallel  to,  but 
somewhat  above,  the  equator  of  the  egg,  so  that  in  the  eight-celled 
stage  the  four  cells  at  the  animal  pole  are  somewhat  smaller  than  the 
four  at  the  vegetal  pole.  The  planes  of  the  divisions  which  result  in  the 
sixteen-celled  stage  are  again  meridional  and  begin  at  the  animal  pole, 
so  that  the  ciglit  smaller  cells  which  are  formed  at  this  pole  appear  before 
the  eight  larger  cells  formed  at  the  vegetal  pole.  The  cell  divisions  which 
lead  to  the  thirty-two-celled  stage  are  parallel  to  the  equator  of  the  egg 
but  do  not  occur  simultaneously,  the  divisions  above  the  equator  occur¬ 
ring  before  those  below  the  equator.  At  or  about  this  stage  the  divisions 
usually  become  irregular  so  that  it  is  quite  unusual  to  see  an  egg  with 
exactly  sixty-four  cells.  As  development  proceeds  the  cell  divisions 
l)ecom(‘  inorc!  ra|)id  and  more  frequent  at  the  animal  pole  so  that  the 
hlastiila  stage  consists  ol  a  ball  ol  cells  which  arc  smallest  at  the  animal 
pol(*  but  gradually  increase  in  size  toward  the  vegetal  pole.  The  relative 
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size  of  the  cells  is  expressed  internally  as  well  as  externally  so  that  the 
blastocoel  is  nearer  to  the  animal  than  the  vegetal  pole. 

Like  the  starfish  egg  the  frog’s  egg  passes  through  a  gastrula  stage. 
However,  the  inequality  in  size  of  the  cells  and  the  great  amount  of  yolk 
introduces  certain  differences,  one  might  almost  say  certain  difficulties. 


2  cells 


Second  cleavage 
4  cells 


8  cells 


Fifth  to  sixth  cleavage 
32  to  64  cells 


Ectoderm 


Blastula 

of  sixty-four-celled  stage  of  sixty-four-celled  stage 
Ectoderm 
Enteron 


Yolk  plug  Yolk  plug  Endoderm 

B  I  Yolk  plug 

Sagittal  section  Transverse  section 

of  gastrula  at  A-B 

Fig.  36:4  The  development  of  the  frog  from  the  egg  to  the  gastrula  stage. 


in  the  process  of  gastrulation.  The  large  yolk-laden  cells  of  the  vegetal 
pole,  called  also  yolk  cells,  seem  on  account  of  their  relatively  lesser  con¬ 
tent  of  living  substance  unable  to  move  inward  as  do  the  cells  of  the 
starfish  egg.  Instead  the  small  cells  of  the  animal  pole,  which  are  dark 
because  of  the  pigment  they  contain,  grow  over  the  larger  light-colored 
yolk  cells  toward  the  vegetal  pole.  The  margin  of  this  overgrowth  grows 
downward  over  the  yolk  cells,  gradually  enclosing  them  until  only  a  light 
circular  area  called  the  yolk  plug  is  visible. 

When  the  gastrula  of  the  frog  is  compared  with  that  of  the  starfish  it  is 
easily  seen  that  the  circular  area  which  is  occupied  by  the  yolk  plug 
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corresponds  to  the  blastopore  of  the  starfish  egg.  As  the  development 
proceeds  the  egg  rotates  in  the  jelly  and  the  yolk  plug  moves  upward 
and  comes  to  occupy  a  position  which  the  subsequent  development 
shows  to  be  the  posterior  end  of  the  embryo.  A  vertical  section  cut  from 
animal  to  vegetal  poles  and  through  the  yolk  plug  (Fig.  36:4)  indicates 
that  there  is  an  ingrowth  ofmall  cells  from  the  margin  of  the  blastopore 
which  is  most  active  in  the  upper  or  dorsal  region.  This  ingrowth  is  in 
reality  an  invagination  and  leads  to  the  formation  of  a  cavity,  the  enteron. 
In  the  frog  the  enteron  bursts  through  into  the  blastocoel  so  that  the  two 
cavities  become  continuous.  The  small  outer  pigmented  cells  become  the 
ectoderm,  the  small  cells  which  grow  in  from  the  rim  of  the  blastopore 
together  with  the  yolk  cells  form  the  endoderm. 

After  the  process  of  gastrulation  is  well  under  way,  the  formation  of 
the  mesoderm  and  the  notochord  begins.  The  cells  from  which  these 
arise  grow  in  from  the  rim  of  the  blastopore  where  ectoderm  and  endo¬ 
derm  meet  and  grow  inward  and  anteriorly  between  the  ectoderm  and 
endoderm.  Thecells  which  grow  inward  from  the  sides  of  the  blastopore 
rim  form  mesoderm,  those  which  grow  inward  from  the  dorsal  part  of 
the  rim  and  come  to  extend  through  the  entire  middorsal  region,  form 
the  notochord.  As  development  proceeds  the  two  sheets  of  mesoderm 
extend  laterally  and  ventrally  so  as  to  enclose  the  entire  mass  of  endo¬ 
derm.  In  some  vertebrates  the  notochord  appears  to  arise  directly  from 
the  endoderm,  in  others  from  the  mesoderm.  For  the  frog  a  mixed  origin 
has  been  claimed.  For  the  purposes  of  this  discussion  it  may  be  regarded 
as  arising  from  the  dorsal  portion  of  the  lip  of  the  blastopore. 

B.  DEVELOPMENT  OF  THE  TADPOLE 
(1)  EXTERNAL  FEATURES 

In  a  previous  section  it  was  stated  that  the  blastopore  marked  the 
posterior  end  of  the  embryo.  With  further  development  the  embryo 
(Fig.  36:5  A)  elongates,  becoming  at  the  same  time  thinner  in  cross 
section.  The  anterior  end  becomes  slightly  enlarged,  forming  the  head. 
From  the  posterior  end  a  tail  grows  out.  Gradually  a  small  tadpole  is 
formed.  The  young  tadpole  as  it  hatches  (Figs.  36:6  and  36:8),  although 
elongated,  is  no  larger  than  the  egg  from  which  it  developed.  There  has 
been  little  if  any  growth.  The  processes  which  have  been  going  on  are 
cell  division  and  differentiation. 

We  will  not  attempt  to  describe  the  development  of  the  embryo  as 
a  whole,  but  rather  to  follow  the  development  of  the  separate  systems. 

Ihese  will  be  considered  in  the  following  order:  systems  developed 
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primarily  from  the  ectoderm,  systems  developed  primarily  from  the 
endoderm,  systems  developed  primarily  from  the  mesoderm.  It  must  be 
borne  in  mind,  however,  that  the  development  of  these  systems  usually 
goes  on  simultaneously  and  the  organs  of  each  system  usually  contain 
cells  from  all  of  the  germ  layers,  although  generally  the  main  function  of 
the  system  is  determined  by  cells  from  one  of  the  three  layers. 


Tail  bud 


Spinal  cord  Notochord  Brain 


Anus 


Notochord 


Endoderm 


Mesoderm' 


Mesodermic 
somite 


Neural  crest 


pinal  cord 
Coelom 


Duct  of 
head  kidney 


Ectoderm 


Fig.  36:5  A  frog  cmbr>o,  before  hatching,  at  the  beginning  of  elongation.  A,  external 
lateral  view.  B,  sagittal  section.  C,  transverse  section.  The  myomeres  are  here  called 
mesodermic  somites.  The  pronephros  is  called  the  head  kidney.  After  Marshall,  Verte¬ 
brate  Embryology^  by  permission  of  G.  P.  Putnam’s  Sons. 


(2)  SYSTEMS  DEVELOPED  PRIMARILY  FROM  THE  ECTODERM 

(a)  THE  SKIN 

The  skin  of  the  adult  is  composed  of  two  layers,  the  epidermis  and 
dermis.  The  epidermis  consists  of  a  few  layers  of  cells  of  ectodermal 
origin.  The  dermis  is  developed  from  the  mesoderm.  The  pigment  cells 
and  mucous  glands  are  in  the  dermis. 

(b)  THE  NERVOUS  SYSTEM 

The  nervous  system  develops  as  an  infolding  of  the  ectoderm  in  the 
dorsal  region  of  the  embryo.  First  the  ectoderm  over  this  portion  becomes 
thickened  and  flattened  to  form  a  triangular  plate,  the  neural  plate, 
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extending  from  the  blastopore,  where  it  is  narrowest,  to  the  animal  pole, 
where  it  widens  out.  The  margins  of  this  plate  become  raised,  forming 
neural  folds,  which  extend  posteriorly  to  include  the  blastopore,  and 
anteriorly  over  the  future  head  of  the  embryo.  The  neural  plate  gradually 
sinks  down  between  the  folds  and  these  bend  over  and  meet  dorsally 
along  the  median  line.  Beginning  at  about  the  middle  of  the  embryo 


Mesoblastic  somites  seen 


Head  kidney  duct  . 
opening  into  cloaca 


Sagittal  section 


Fig.  36:6  Above,  external  lateral  view  and  below,  sagittal  section  of  frog  tadpole  just 
after  hatching.  The  pronephros  is  here  called  the  head  kidney,  and  the  myotomes  are 
called  mesoblastic  somites.  After  Marshall,  Vertebrate  Embryology,  by  permission  of  G.  F. 


Putnam’s  Sons. 


and  extending  to  either  end,  the  approximated  neural  folds  fuse  together. 
Thus  there  is  formed  a  neural  tube  which  extends  the  entire  length  of 
the  emliryo  and  is  covered  with  a  layer  of  superficial  ectoderm.  Since 
the  blastopore  is  inelndcd  in  tlic  area  surrounded  by  the  neural  folds 
it  opens  into  tlie  neural  tube  when  the  latter  is  completed,  forming  a 
neurenteric  canal  wliieh,  however,  later  becomes  closed.  Certam  ecto¬ 
dermal  cells  at  the  lateral  margins  of  the  neural  plate  do  not  enter  into 
the  formation  of  the  neural  tube  but  remain  on  cither  side  as  separate 
strands  which  become  segmented  into  groups  of  cells  called  neural  crests 
(big  36-5  C)  lying  dorsally  tilong  each  side  of  the  neural  tube.  The  an¬ 
terior  portion  of  llu-  n<-ural  tube,  which  from  the  beginning  is  the  larger, 
forms  the  brain;  the  posterior  portion  forms  the  spinal  cord.  Early  in 
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its  development  the  brain  is  divided  by  two  constrictions  into  fore,  midjU'^ 
and  hindbrains.  Later  the  I'orebrain  becomes  constricted  and  divided fl- 
into  the  telencephalon  and  diencephalon,  while  the  hindbrain  becomes Ir 
similarly  divided  into  the  metencephalon  and  myelencephalon.  Ihelp 
midbrain  becomes  the  mesencephalon.  Ir 

At  an  early  stage  (Fig.  36:6)  there  occurs  an  ingrowth  of  the  superficial  ^ 
ectoderm  of  the  anterior  end  just  ventral  to  the  forebrain.  This  ingrowth  I’ 
later  becomes  associated  with  the  infundibulum  and  forms  the  anterior  I 
lobe  of  the  pituitary  body.  i 

The  nerves  of  the  peripheral  nervous  system  grow  out  from  the  neural  p 
tube  and  the  neural  crests.  From  the  ventral  portion  of  the  neural  tubei 
motor  nerve  cells  send  out  processes  which  thread  their  way  through  the 
tissues  to  muscles  or  glands  and  become  the  fibers  of  motor  nerves.  The  j 
cells  of  the  neural  crests  become  the  ganglion  cells  of  the  dorsal  ganglia  - 
of  the  spinal  cord.  Processes  grow  out  from  these  ganglion  cells  toward  - 
the  spinal  cord,  and  peripherally  to  the  skin  and  other  parts  of  the  body. 
The  latter  processes  become  the  nerve  fibers  of  the  sensory  nerves.  I 

(c)  THE  SENSE  ORGANS 

The  development  of  the  vertebrate  eye  is  peculiar  (Fig.  36:7).  At  an 
early  stage  two  thickened,  pigmented  areas  called  the  optic  placodes 
appear  in  the  neural  plate  near  its  anterior  end.  As  the  neural  tube  is 
formed  the  optic  placodes  become  included  in  the  walls  of  the  tube.  The 


Layer  which 


Fig.  36:7  The  development  of  the  eye.  A,  B,  C,  D,  successive  stages  showing  the  forma¬ 
tion  of  the  optic  vesicle  and  the  lens. 


cells  of  the  optic  placode  grow  rapidly  and  at  about  the  time  of  forma¬ 
tion  of  the  forebrain  have  formed  two  saclike  vesicles  called  optic 
vesicles,  extending  out  on  either  side  and  connected  with  the  forebrain 
by  hollow  optic  stalks.  When  the  outer  surfaces  of  the  optic  vesicles 
reach  the  inner  surface  of  the  superficial  ectoderm  they  invaginate  so 
that  each  optic  vesicle  becomes  converted  into  a  double-walled  optic 
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cup,  the  opening  of  which  is  turned  toward  the  outer  surface  of  the  body. 
The  opening  of  the  cup  becomes  the  pupil  and  from  the  rim  the  iris  de¬ 
velops.  The  cells  of  the  inside  layer  of  the  optic  cup  form  the  retina  of 
the  eye  (Fig.  36:7  D).  From  certain  of  these  cells  the  nerve  fibers  of  the 
optic  nerve  grow  out  and  pass  under  the  optic  stalk  to  the  brain.  When 
the  forebrain  becomes  divided  into  telencephalon  and  diencephalon  the 
attachment  of  the  optic  stalk  and  the  entrance  of  the  optic  nerve  are 
included  in  the  diencephalon. 

When  the  ectoderm,  which  forms  the  retina,  is  followed  through  its 
various  foldings  to  the  optic  cup  and  its  final  position  in  the  functional 
eye,  it  can  be  seen  that  the  surface  of  this  ectoderm  which  was  originally 
on  the  outside  of  the  embryo  becomes  reversed  so  that  it  is  turned  toward 
the  interior  of  the  body  and  away  from  the  light  rays  which  enter  through 
the  pupil.  Since  sensory  cells  are  usually  developed  on  an  external  sur¬ 
face  and  send  their  nerve  processes  away  from  the  surface  we  have  here 
a  developmental  reason  for  the  inversion  of  the  retina. 

At  about  the  time  the  optic  vesicle  is  formed  the  superficial  ectoderm 
over  it  becomes  thickened  to  form  a  lens  placode.  In  many  vertebrates 
this  placode  forms  a  lens  vesicle  which  later  becomes  converted  into  the 
solid  transparent  lens.  In  the  frog,  however,  the  lens  appears  first  as 
a  solid  mass  of  cells  which  then  becomes  for  a  time  vesicular  and  later 
solid.  The  accessory  parts  of  the  eye,  such  as  the  choroid  and  sclerotic 
coats,  blood  vessels,  and  muscles,  are  developed  from  mesoderm  (mesen¬ 
chyme). 

The  inner  ears  begin  their  development  as  two  thickenings  of  the  supei  - 
ficial  ectoderm,  called  auditory  placodes,  one  on  each  side  of  the  hind¬ 
brain.  Later  each  placode  becomes  invaginated  forming  an  auditory 
vesicle,  o[)ening  on  th('  surface  of  the  body.  The  ectoderm  of  the  auditory 
vesicle  becomes  the  lining  of  (he  cavity  of  the  internal  ear.  In  some 
vertebrates  (e.g.,  dogfish)  the  connection  of  the  auditory  vesicles  with  the 
exterior  persists.  In  the  frog  a  part  of  the  canal  persists  as  an  endolym¬ 
phatic  duct.  In  th(‘  walls  of  (he  auditory  vesicle  sensory  cells  develop  and 
become  surrounchxl  by  the  fibers  of  the  auditory  nerve.  In  most  verte¬ 
brates  in  which  tlu'n*  is  a  middle  car,  it  is  developed  from  the  endoderm 


of  (he  first  gill  cleft. 

Th(*  olfactory  organs  which  form  a  part  of  the  lining  of  the  nasal 
cavities  tin-  <lcvcl<.|.c.l  from  olfactory  placodes,  thickenings  of  the  su- 
|)cr(ici,il  cclodcnn  just  in  front  of  the  neural  lultc.  The  placodes  invagi- 
uat<-  to  form  olfactory  pits  wl.ich  l.ccotne  enlarged  to  form  nasal  cavities. 
Certain  of  tiu-  c.  lls  of  the  placode  become  sensory  cells  of  the  ollactory 
epithelium  and  s(mu1  nerv('  libers  to  the  brain. 
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(3)  SYSTEMS  DEVELOPED  PRIMARILY  FROM  THE  ENDODERM 

(a)  THE  DIGESTIVE  SYSTEM 

\Vc  left  the  cntcron  as  an  irregular  cavity  in  the  gastrula  surrounded 
by  the  endoderm.  With  the  growth  in  lengtli  of  the  embryo  this  cavity 
becomes  elongated  (Fig.  36:6).  Quite  early  a  posteriorly  directed  out- 
pocketing  of  the  anterior  region  marks  the  beginning  of  the  formation 
of  the  liver.  At  the  posterior  end  of  the  embryo  the  endoderm  forms  an 
outgrowth  toward  the  exterior  and  the  superficial  ectoderm  forms  a  cor¬ 
responding  ingrowth  called  the  proctodaeum.  Where  the  ectoderm  and 
endoderm  meet  a  passageway  is  established.  The  proctodaeum  forms  a 
p)ortion  of  the  lining  of  the  future  cloaca,  the  rest  of  the  lining  of  the 
cloaca  being  formed  of  endoderm.  I'he  actual  opening  of  Uie  procto¬ 
daeum  to  the  exterior  is  called  the  anus. 

At  a  later  stage  an  invagination  of  the  superficial  ectoderm  at  the  head 
end  of  the  embr>^o,  just  ventral  to  the  brain,  forms  the  stomodaeum. 
The  endoderm  grows  out  against  the  ectoderm  of  the  stomodaeum  and 
eventually,  about  the  time  the  tadpole  hatches,  the  thin  partition  is 
broken  through.  The  greater  part  of  the  epithelial  lining  of  the  mouth 
cavity  is  formed  from  the  stomodaeum.  The  differentiation  of  the  differ¬ 
ent  parts  of  the  digestive  tube  into  pharynx,  esophagus,  stomach,  and 
intestine  occurs  gradually.  Only  the  epithelial  lining  or  mucosa  is  formed 
from  the  endoderm.  The  inv^agination  which  marked  the  beginning  of 
the  liver  grows  out  and,  ramifying,  gives  rise  to  a  tangled  mass  of  tubes. 
From  the  main  tube  and  its  immediate  branches  develop  the  bile  ducts 
and  the  gall  bladder.  The  cells  lining  the  finer  branches  become  the 
liver  cells  which  secrete  the  bile.  The  development  of  the  pancreas  is 
similar  to  that  of  the  liver. 

(b)  THE  RESPIRATORY  SYSTEM 

The  gill  clefts  first  appear  as  solid  outgrowths  from  that  portion  of  the 
endoderm  which  will  eventually  form  the  lining  of  the  pharynx.  These 
outgrowths  grow  toward  and  come  into  contact  with  the  superficial 
ectoderm.  Later,  in  each  of  these  outgrowths,  gill  pouches  are  formed 
so  that,  in  all,  six  pairs  of  gill  pouches  arc  formed  on  each  side.  The  first 
pair  of  these  are  called  the  hyomandibular  pouches,  the  next  five  are 
named  in  order,  the  first,  second,  third,  fourth,  and  fifth  branchial 
pouches.  At  about  the  time  of  hatching  the  first  four  branchial  pouches 
become  gill  clefts  by  the  fusion  of  the  endoderm  with  the  superficial 
ectoderm  and  the  formation  of  a  gill  slit  (Fig.  36:8),  thus  placing  the 
pharynx  in  communication  with  the  exterior  through  the  gill  clefts.  In 
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the  frog  the  hyomandibular  pouch  does  not  become  a  cleft  and  dis¬ 
appears  when  the  other  pouches  open  to  the  exterior. 

The  solid  masses  of  tissue  anterior  and  posterior  to  the  gill  pouches  or 
clefts  are  called  gill  arches.  The  pair  in  front  of  the  hyomandibular 
pouches  are  called  the  mandibular  arches;  from  them  the  lower  jaw  or 
mandible  is  later  developed.  The  pair  of  arches  anterior  to  the  first 
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Fig.  36:8  Above,  an  external  ventral  view  of  a  frog  tadpole  just  after  hatching.  Below, 
a  frontal  section  of  a  frog  tadptdc  in  the  same  stage.  In  the  numbered  figure,  1  to  5  (upper) 
are  gill  arches,  1  being  the  hyoid  arch  and  2  to  5  being  the  first  four  branchial  arches, 
while  1  to  5  (lower)  arc  gill  pouches,  1  being  the  hyomandibular  pouch  and  2  to  5  being 
the  first  four  branchial  pouches.  'I'he  mandibular  arch,  which  is  not  labeled,  is  m  front 
of  the  hyomandibular  pouch.  After  A.  M.  Marshall,  Vertebrate  Embryology^  by  permission 
of  Ch  P.  Putnam’s  Sons. 


branchial  ponclics  arc  called  ihc  hyoid  arches,  the  next  four  are  named 
in  order,  the  first,  second,  third,  and  fourth  branchial  arches. 

In  most  vertebrates  (tipparently  the  frog  is  an  exception)  the  hyoman- 
dibuhtr  |)oueh  gives  rise  to  the  middle  car.  The  tympanum  develops 
where  the  endoderm  of  the  |)oueh  meets  the  superhcial  ectoderm.  The 
I'’.ust:tehi;m  tube  develoiis  from  the  portion  of  the  pouch  nearest  the 
enteron,  and  thus  |.laces  the  cavity  of  the  middle  ear  in  communication 
with  iIh:  j)li;iryiix. 

In  the  n<-wly  luitehed  frog  tadpole  the  function  of  respiration  is 
(tarried  on  by  three  pairs  of  external  gills  which  develop  as  outgroivths 
from  the  superliei.il  ectoderm  of  the  first,  second,  and  third  branchial 
ttrehes.  I.titer,  at  tibout  the  time  the  mouth  opening  appears,  interna 
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gills  arc  developed  from  the  cndodermal  walls  of  the  gill  clefts  and  the 
external  gills  disappear.  The  gill  clefts,  gill  arches,  and  internal  gills 
arc  regarded  as  being  homologous  to  the  similar  organs  in  fishes. 

At  about  the  time  of  disappearance  of  the  external  gills  a  fold  of  ecto¬ 
derm  arises  in  front  of  the  first  gill  cleft  and  grows  backward,  covering 
the  other  clefts  and  fusing  with  the  lx)dy  l^ehind  the  last  pair  of  clefts  so 
as  to  form  a  cavity  surrounding  the  gill  clefts  and  the  portion  of  the  body 
ventral  to  them  and  communicating  with  the  exterior  by  a  single  open¬ 
ing  on  the  left  side.  This  ectodermal  fold  is  called  the  operculum.  The 
gills  disappear  at  metamorphosis  and  the  frog  then  breathes  with  its  lungs. 

The  lungs  first  appear  before  hatching  as  a  pair  of  small  outpocketings 
from  the  ventral  wall  of  the  jxirtion  of  the  enieron  which  becomes  the 
esophagus.  With  the  approach  of  metamorphosis  they  increase  in  size 
and  the  endoderm  around  their  openings  into  the  cntcron  becomes  con¬ 
stricted  off  to  form  the  larynx. 

(4)  SYSTEMS  DEVELOPED  FROM  THE  MESODERM 

We  left  the  mesoderm  as  two  sheets  of  tissue,  one  on  cither  side  of 
the  endoderm  extending  from  the  notochord  to  the  ventral  side  of  the 
embryo.  Soon  after  this,  each  of  the  layers  splits  into  two  layers  between 
which  a  cavity,  the  future  coelom,  appears.  On  each  side  of  the  embryo 
the  mesoderm  becomes  separated  by  a  horizontal  longitudinal  division 
into  dorsal  and  v'cntral  portions  (Fig.  36:5  C).  The  dorsal  portion,  called 
the  vertebral  plate,  becomes  divided  transversely  into  a  series  of 
myotomes  or  muscle  segments,  while  the  ventral  portion,  called  the 
lateral  plate,  remains  unsegmented.  The  myotomes  arc  a  conspicuous 
feature  in  a  lateral  view  of  a  newly  hatched  tadpole.  The  cells  of  the 
myotomes  elongate  and  develop  into  the  fibers  of  the  voluntary  muscles 
of  the  body.  At  the  beginning  of  their  development  the  myotomes  con¬ 
tain  a  portion  of  the  coelom.  This,  however,  soon  disappears.  The  outer 
layer  of  the  lateral  plate,  called  the  somatic  layer,  comes  to  lie  under  the 
superficial  ectoderm  and  develops  into  the  inner  portion  of  the  body  wall. 
The  cavity  between  the  two  layers,  already  designated  as  the  coelom, 
becomes  the  body  cavity  (peritoneal  and  pericardial  cavities).  The  inner 
layer  of  the  lateral  plate,  called  the  splanchnic  layer,  becomes  closely 
applied  to  the  endoderm.  From  this  layer  the  muscular  and  other  coats 
of  the  alimentary  canal  are  developed.  As  the  enteron  begins  to  take  on 
a  tubular  form  within  the  coelom,  the  layers  of  splanchnic  mesoderm  of 
the  two  sides  meet  dorsally  to  it  in  the  median  line  and  form  a  dorsal 
mesentery. 

From  the  mesoderm,  especially  the  vertebral-plate  portion,  a  second- 
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ary  embryonic  tissue,  called  mesenchyme,  is  given  off.  The  mesenchyme 
forms  the  skeleton,  connective  tissue,  smooth  muscles,  and  the  greater 
part  of  the  vascular  system.  The  skeleton  of  the  tadpole  is  largely  carti¬ 
lage,  most  of  which  is  replaced  in  the  adult  frog  by  bone. 

The  kidney  of  the  young  tadpole  is  called  the  pronephros.  The 
pronephros  appears  first  as  a  thickening  (nephrotome)  of  the  mesoderm 
lining  the  dorsal  part  of  the  body  cavity  on  each  side.  This  thickening 
becomes  hollowed  out  to  form  the  pronephric  duct  which  at  its  anterior 
end  is  divided  to  form  three  pronephric  tubules  opening  into  the  coelom 
and  at  its  posterior  end  opens  into  the  cloaca.  In  older  tadpoles  and  the 
adult  frog  the  pronephros  disappears  and  is  replaced  by  the  mesoneph¬ 
ros.  The  mesonephros  first  appears  as  a  series  of  mesonephric  tubules 
which  communicate  with  the  pronephric  duct  at  one  end  and  become 
enlarged  at  the  other  end.  A  knot  of  blood  vessels  forms  and  becomes 
pushed  into  the  enlarged  end,  forming  a  glomerulus.  During  their  de¬ 
velopment  the  mesonephric  tubules  acquire  an  opening  into  the  coelom 
which,  however,  they  later  lose. 

The  heart  arises  in  the  region  just  behind  and  ventral  to  the  pharynx 
from  the  mesoderm  in  a  region  where  the  splanchnic  and  somatic  layers 
meet.  It  is  at  first  a  straight  tube  but  later,  owing  to  its  growing  more 
rapidly  than  the  surrounding  parts  of  the  body,  it  becomes  bent  in  the 
form  of  an  S  (Fig.  36:6). 

The  blood  vessels  develop  in  the  mesoderm  as  somewhat  irregular 
spaces  which  become  continuous  along  the  course  which  the  blood  vessel 
takes.  As  development  advances  the  cells  surrounding  the  spaces  become 
differentiated  to  form  the  walls  of  the  blood  vessels.  The  arteries  of  the 
gills  of  the  tadpole  and  the  changes  which  they  undergo  have  already 
been  considered  in  the  chapter  on  the  circulation. 

The  reproductive  organs  first  appear  in  the  mesoderm  lining  the 
body  cavity  as  a  pair  of  ridges,  one  on  either  side  of  the  dorsal  mesentery, 
loward  the  (aid  of  in(‘tanior|)hosis  they  become  differentiated  into 
ovaries  or  testes  as  tlu'  case  may  be. 

C.  METAMORPHOSIS  OF  THE  TADPOLE  INTO  A  FROG 

d  h(‘  tadpole  has  many  ol  tlu'  charactc'ristics  ol  a  fish  and  leads  a  fishlike 
('xistc'iK'e.  Afna'  a  jxa  iod  whic  h  vari('s  with  different  species  and  different 
climaK*  ('ondilions,  the  tadpole  change's  into  a  frog  (Fig.  36:9).  During 
this  change,  called  metamorphosis,  the'  animal  does  not  eat,  and  pio- 
foimcl  ehang('s  oeeiir  in  its  mode  of  life  and  its  structure.  From  a  water¬ 
living  and  mainly  watc'i'-brc'athing  animal  the  tadpole  changes  to  an 
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amphibian  capable  of  living  on  land  and  breathing  air.  While  the  tad¬ 
pole  exists  on  a  vegetable  diet,  the  frog  is  carnivorous.  The  external 
morphological  changes  consist  chiefly  in  the  growth  of  fore  and  hind 


Fig.  36:9  Development  and  metamorphosis  of  a  frog.  1,  tadpole  just  hatched,  dorsal 
view;  2,  3,  older  tadpoles,  side  views;  4,  5,  later  stages,  dorsal  views  showing  external 
gills  and  development  of  operculum;  6,  older  stage,  showing  anus;  7,  older  stage,  showing 
beginning  of  development  of  hind  legs;  8,  10,  lateral  views  of  two  later  stages,  showing 
development  of  hind  legs;  9,  ventral  view  of  tadpole  dissected  to  show  gills,  intestine,  and 
fore  legs  developed  inside  operculum;  11,  tadpole  just  before  metamorphosis;  12,  13,  14, 
metamorphosis  of  tadpole  into  frog  with  gradual  absorption  of  the  tail;  15,  young  frog 
just  after  metamorphosis.  After  Leuckart-Nitsche  wall  chart  from  Hegner,  College  Z^ol- 
ogy^  The  Macmillan  Company. 
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legs,  the  loss  of  the  tail  and  changes  in  the  size,  shape,  and  color  of  the 
body  and  head.  Internally  even  more  profound  changes  occur.  The 
skeleton  of  the  tadpole  consists  mostly  of  cartilage,  and  during  meta¬ 
morphosis  the  change  to  bone  occurs.  The  ear  of  the  tadpole,  like  that 
of  the  fish,  consists  of  an  internal  ear  only,  the  sound  vibrations  being 
transmitted  through  the  water  and  the  tissues  of  the  body  to  the  endo- 
lymph.  At  metamorphosis  the  middle  ear  and  eardrum  are" developed 
for  the  reception  of  sound  waves  in  air.  The  intestine  of  the  tadpole  is 
long  and  coiled  in  the  body  cavity  in  a  spiral  resembling  that  of  a  watch 
spring.  With  the  adoption  of  a  diet  consisting  chiefly  of  the  flesh  of  other 
animals  a  long  digestive  tract  is  no  longer  necessary  and  the  intestine 
becomes  shortened  and  differentiated  as  already  described  in  the  chap¬ 
ter  on  the  digestive  system. 


5.  THE  DEVELOPMENT  OF  THE  CHICK 
A,  THE  EGG 

The  egg  cell  of  the  hen  includes  all  of  that  portion  which  we  commonly 
call  the  yolk.  At  the  time  of  laying,  if  the  egg  has  been  fertilized,  develop- 


'iK.  36: 10  Diagram  of  a  longitudinal  section  of  a  hen’s  egg  at  the  time  of  laying.  The 
.uter  and  inner  shell  membranes,  which  are  separated  by  the  air 

mder  the  rest  of  the  shell  and  are  here  labeled  “Shell  membrane.”  After  Marshall, 
Vertebrate  Embryology^  by  permission  of  Ci.  P.  Putnam  s  Sons. 
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ment  has  usually  piocccclccl  to  a  stage  coiTCsponding  to  that  of  the 
hlastula  in  the  IVog.  As  is  the  case  in  the  frog’s  egg  the  animal  pole 
usually  lies  on  lop.  A  vitelline  membrane  surrounds  the  plasma  mem- 
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brane  and  separates  it  from  the  albumen.  The  albumen  or  “white  of 
egg”. is  outside  the  egg  cell  and  is  surrounded  by  the  calcareous  shell. 
Separating  the  albumen  from  the  shell  are  two  shell  membranes,  an 
inner  shell  membrane  and  an  outer  shell  membrane.  At  the  more 
rounded  end  of  the  egg  the  shell  membranes  separate  and  enclose  an 
air  space  which  helps  in  respiration  during  the  later  development. 
Two  denser  portions  of  the  albumen  in  the  form  of  coiled  springlike  struc¬ 
tures  called  chalazae  serve  to  keep  the  yolk  in  the  center  (Fig.  36:10). 
The  yolk  is  formed  in  the  ovary  and  does  not  increase  in  size  after 
leaving  the  ovary  of  the  hen.  After  fertilization,  which  occurs  in  the 
upper  part  of  the  oviduct,  the  yolk  becomes  surrounded  by  the 
albumen,  shell  membranes,  and  the  shell. 


B.  CLEAVAGE  AND  EARLY  DEVELOPMENT 

On  account  of  the  relatively  large  amount  of  yolk  in  the  hen’s  egg 
cleavage  is  restricted  to  a  small  part  of  the  egg,  called  the  blastodisc, 
at  the  animal  pole  which  contains  most  of  the  cytoplasm,  the  rest  of  the 
yolk  not  being  divided  into  cells.  Cleavage  at  the  animal  pole  leads  to 
the  formation  of  a  disclike  layer  of  cells  called  the  blastoderm,  separated 
from  the  underlying  yolk  by  a  shallow  segmentation  cavity  or  blastocoel. 
This  stage  corresponds  to  the  blastula  stage  of  the  frog’s  egg.  The  pres¬ 
ence  of  considerable  quantities  of  yolk  was  seen  to  be  a  hindrance  to 
gastrulation  in  the  frog’s  egg.  The  vast  amount  of  yolk  in  the  hen’s  egg 
seems  to  make  an  actual  invagination  at  the  vegetal  pole  impossible. 
Endoderm  is  formed  by  an  ingrowth  of  cells  at  one  end  of  the  blasto¬ 
derm  into  the  segmentation  cavity.  Mesoderm  and  a  notochord  are 
later  formed  in  the  central  portion  of  the  blastoderm  between  the  ecto¬ 
derm  and  the  endoderm.  During  the  early  development  the  enteron  is 
not  enclosed  but  consists  of  a  cavity  overlying  a  portion  of  the  yolk  and 
bounded  above  by  the  endoderm.  As  development  proceeds  the  three 
layers,  ectoderm,  mesoderm,  and  endoderm,  gi'adually  grow  out  over 
the  yolk.  The  actual  embryo  then  appears  as  an  elongated  thickening  in 
the  center  of  the  blastoderm  which  consists  of  three  germ  layers,  ecto-  j 
derm,  mesoderm,  and  endoderm. 

A  comparison  of  cleavage  in  the  eggs  of  the  starfish,  frog,  and  chick 
makes  it  apparent  that  the  process  depends  to  a  considerable  extent  on  i 
the  relative  amounts  of  yolk  and  cytoplasm  in  the  egg  cell.  On  a  basis  of 
the  form  which  their  cleavage  takes,  eggs  have  been  divided  into  certain 
types.  Eggs  in  which  the  cell  is  completely  divided,  as  in  the  eggs  of  the 
starfish  and  frog,  are  said  to  have  total  cleavage  and  to  be  boloblastic; 
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eggs  in  which  only  a  part  of  the  contents  of  the  vitelline  membrane  take 
part  in  the  division,  as  in  the  case  of  the  hen’s  egg,  are  said  to  have 
partial  cleavage  and  to  be  meroblastic.  When  the  cells  formed  in  the 
process  of  cleavage  are  approximately  equal,  as  in  the  egg  of  the  starfish, 
the  cleavage  is  said  to  be  equal.  When,  as  in  the  case  of  the  frog’s  egg, 
smaller  cells  are  formed  at  the  animal  pole  and  larger  cells  at  the  vegetal 
pole,  the  cleavage  is  said  to  be  unequal. 

C.  THE  EXTRAEMBRYONIC  MEMBRANES 

During  their  development  the  embryos  of  the  starfish  and  frog  are  in 
water,  buoyed  up  and  kept  moist  by  it.  The  eggs  of  birds,  on  the  other 
hand,  are  laid  on  land.  The  hard  sheir makes  possible  the  storage  of 


membrane 

Fig.  36:11  Diagram  of  a  longitudinal  section  of  a  hen’s  egg  after  five  days’  incubation, 
showing  the  development  of  the  extra-embryonic  membranes.  The  outer  and  inner  shell 
membranes  are  shown  as  everywhere  separate.  In  reality  they  are  together  except  at  the 
air  space.  The  yolk  is  contained  in  the  yolk  sac.  Redrawn  after  Marshall,  Vertebrate 
Embryology,  by  permission  of  G.  P.  Putnam’s  Sons. 

large  c^uantitics  of  food  and  provides  protection  for  the  delicate  embryo. 
Within  this  slicll  an  aquatic  environment  is  created  for  the  embryo  and 
means  are  furnished  for  the  absorption  of  the  food  materials  and  the 
giving  off  of  waste  by  the  formation  of  membranes  which  are  outgrowths 
of  the  germ  layers  of  the  blastoderm.  Three  such  membranes  are  formed, 
called  rcspectivt'ly  the  amnion,  allantois,  and  yolk  sac  (Fig.  36.11). 

The  amnion  is  developed  from  ectoderm  and  mesoderm  and  grows 
upward  ;ind  over,  enclosing  the  embryo  in  a  cavity,  the  amniotic  cavity, 
niUtd  with  ;i  wtuery  Huid,  the  amniotic  fluid.  It  is  the  formation  of  this 
rntunbrtme  which  provides  the  aquatic  environment  referred  to  above 
in  which  the  embryo  floats  and  undergoes  its  development  free  to  take 
on  its  characteristic  form. 
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I'lie  yolk  sac  is  formed  from  mesoderm  and  endoderm  and  grows 
downward  over  the  yolk.  This  membrane  becomes  plentifully  supplied 
with  blood  vessels  and  the  nutriment  absorbed  by  the  endoderm  from 
the  yolk  is  carried  in  these  blood  vessels  to  the  embryo.  The  yolk  sac  is 
continuous  with  the  enteron  of  the  embryo  with  which  it  connects  on 
the  under  side. 

Somewhat  later  in  the  development  a  third  membrane  called  the 
allantois  appears.  It  is  an  out{X)cketing  of  the  hind  gut  of  the  embryo 
and  like  the  yolk  sac  is  formed  of  mesoderm  and  endoderm.  Growing  out 
rapidly  between  the  yolk  sac  and  the  amnion  it  approaches  the  vitelline 
membrane  and  spreads  out  under  it,  surrounding  the  amnion  and  the 
greater  part  of  the  yolk  sac.  At  the  same  time  it  becomes  highly  vascular 
by  the  development  of  numerous  fine  blood  vessels  connected  with  the 
blood  system  of  the  embryo.  Its  position  and  structure  make  it  well 
adapted  to  carry  on  the  function  of  respiration,  oxygen  passing  through 
the  porous  shell  to  the  blood  vessels  and  carbon  dioxide  passing  in  the 
reverse  direction.  The  allantois  also  functions  in  the  absorption  of  al¬ 
bumen,  and  its  cavity,  the  allantoic  cavity,  acts  as  a  reservoir  for  the 
excretions  of  the  excretory  organs  until  the  time  of  hatching. 


Fig.  36: 12  Early  development  of  the  rabbit’s  egg.  A,  a  fully  formed  ovum  just  after  its 
discharge  from  the  ovary;  B,  an  ovmm  from  the  upp>er  end  of  the  oviduct  after  extrusion 
of  the  two  polar  bodies.  After  Marshall,  Vertebrate  Embryology,  after  Bischoff,  by  permission 
of  G.  P.  Putnam’s  Sons. 


6.  THE  DEVELOPMENT  OF  MAMAAALS 

In  the  chapter  on  reproduction  reference  has  already  been  made  to 
some  of  the  general  features  of  mammalian  development.  Having  now 
studied  the  development  of  the  frog  and  chick  we  are  prepared  to  go  into 
the  subject  in  somewhat  more  detail. 
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The  eggs  of  the  most  primitive  living  mammals,  Prototheria,  are  rela¬ 
tively  large  (that  of  the  duckbill,  Ornithorhynchus,  three-quarters  of 
an  inch  in  their  greatest  diameter),  are  covered  with  shells,  and  are  laid 


A  B 


Fig.  36:13  Early  development  of  the  rabbit’s  egg.  A,  an  ovum  from  the  middle  of  the 
length  of  the  oviduct,  about  tvventy-two  hours  after  copulation,  showing  division  of  the 
ovum  into  two  cells ;  B,  an  ovum  from  the  lower  end  of  the  oviduct,  about  the  middle  of 
the  third  day,  consisting  of  a  spherical  mass  of  cells.  After  Marshall,  Vertebrate  Embryology, 
after  Bischoff,  by  permission  of  G.  P.  Putnam’s  Sons. 


on  the  ground.  These  eggs  contain  a  relatively  large  amount  of  yolk  and 
undergo  a  development  in  which  there  is  a  partial  cleavage  of  the  egg 
cell  and  a  development  of  extraembryonic  membranes  similar  to  what 
occurs  in  the  chick.  In  higher  (Eutherian)  mammals  the  eggs  are  small 


A  B 

Fig.  36: 14  Early  dcvcloinncnt  of  the  ral)bit’s  egg.  A,  an  ovum  seventy  hours  after  copu¬ 
lation,  taken  from  the  lower  <md  of  the  oviduct  just  before  entering  the  uterus.  (After  Van 
Beneden.)  B,  an  ovum  seventy-five  hours  after  copulation  taken  from  the  uterus,  and 
showing  the  first  stag<*  in  the  formation  of  the  blastodermic  vesicle.  After  Marshall,  Verte¬ 
brate  /'jnbryolog  y,  by  permission  of  (i.  P.  Putnam’s  Sons. 


(lhaf  of  man  is  btit  0.2  mm.  in  diameter),  and  contain  a  relatively  small 
amotml  of  yolk.  Sut  li  t'ggs  undergo  a  total  and  equal  cleavage. 

I  h(‘  early  developiiK'nl  ol  the  rabbit  s  egg  may  serve  as  an  example 
of  the  [)roe<^ss  in  mammals.  Upon  its  discharge  from  the  ovary  the 
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rabbit’s  egg  contains  a  relatively  large  nucleus  and  is  surrounded  by  a 
clear,  nonccllular  membrane,  called  the  zona  pellucida  (Fig.  36:12  A). 

By  the  time  the  egg  has 
arrived  in  the  upper  part 
of  the  oviduct  two  polar 
bodies  have  made  their 
appearance  between  the 
egg  and  the  zona  pellucida 
(Fig.  36:12  B).  The  polar 
bodies  are  small  cells  given 
off  by  the  egg  in  its  ripen¬ 
ing  process.  Their  signifi¬ 
cance  will  be  discussed  in 
more  detail  in  Chap.  37, 
The  Physical  Basis  of  He¬ 
redity.  The  sperm  enters  the 
egg  and  fertilization  occurs 
in  the  upper  part  of  the  oviduct.  Cleavage  occurs  while  the  egg  is  in 
the  oviduct,  the  first  division  dividing  the  egg  into  two  practically 


Villi 


Embryonic  portion 
of  placenta 


Fig.  36:16  A  diagrammatic  longitudinal  section  of  a  young  human  embryo  from  the 
uterus,  shoH-ing  the  embryonic  portion  of  the  placenta  and  the  umbilical  cord. 


Chorion 


Fig.  36:15  diagrammatic  longitudinal  section 
of  a  very  young  human  embryo  after  implantation 
surrounded  by  the  amnion  and  chorion,  the  maternal 
tissue  of  the  uterus  being  omitted.  The  mesoderm  of 
the  embryonic  tissues  is  stippled. 
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equal  halves  (Fig.  36:13  A).  Succeeding  divisions  lead  to  the  for¬ 
mation  of  a  spherical  mass  of  cells,  practically  equal  in  size  (Fig. 
36:13  B).  After  further  cell  divisions  the  mass  of  cells  becomes  divided 
into  an  outer  cell  layer,  called  the  trophoblast  layer  and  an  inner 
cell  mass,  the  .whole  forming  a  structure  called  the  blastodermic 
vesicle  (Fig.  36:14).  The  formation  of  a  trophoblast  layer  may  be  a 
special  provision  for  the  implantation  of  the  egg  in  the  wall  of  the  uterus. 
From  the  inner  cell  mass,  the  embryo  and  the  extraembryonic  mem¬ 
branes,  the  amnion,  allantois,  and  yolk  sac,  develop.  The  amnion 
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Fig.  36: 17  On  the  left,  a  diagrammatic  section  of  a  human  uterus  in  an  early  stage  of 
pregnancy.  On  the  right,  a  portion  of  the  placenta,  magnified  to  show  the  relation  be- 
tween  the  embryonic  and  maternal  blood  vascular  systems. 


arises  at  a  very  early  stage  and  the  embryo  is  soon  surrounded  by  an 
amniotic  cavity  in  wliich  it  remains  during  the  remainder  of  its  intra¬ 
uterine  life.  The  yolk  sac  arises  also  at  an  early  stage,  but  as  only  a 
relatively  small  amount  of  yolk  is  present,  remains  small  and  soon  ceases 
to  take  any  active  part  in  the  nutrition  of  the  embryo.  The  allantois 
early  grows  out  toward  the  trophoblast  layer.  From  the  trophoblast 
layer,  and  the  mesoderm  which  comes  to  underlie  it,  is  developed  a 
structure  called  the  chorion,  which  becomes  intimately  associated  with 
the  wall  of  the  uterus  by  the  growth  of  numerous  branching  processes 
or  villi  (lug.  36:1.')).  I’he  embryo  comes  to  lie  in  the  amniotic  cavity 
connected  to  the  chorion  by  the  umbilical  cord  (Fig.  36.16). 

'Fhe  placenta  consists  of  an  embryonic  and  a  maternal  portion.  T  e 
embryonic  portion  is  formed  from  the  chorion,  the  maternal  portion 
from  the  nt.-rine  wall  in  tlu-  region  of  implantation.  Blood  vc.ssels  grow 
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out  from  the  embryo  and  pass  through  the  umbilical  cord  to  ramify  in 
the  chorionic  portion  of  the  placenta  (Fig.  36:17). 

It  is  beyond  the  scope  of  this  book  to  describe  in  detail  the  develop¬ 
ment  of  mammals.  It  may  be  said,  however,  that  there  occur  stages 
corresponding  to  those  described  in  the  frog,  that  a  neural  plate  and  a 
neural  tube  arc  formed,  that  a  notochord  develops,  that  gill  pouches 
arise,  and  that  the  various  systems  of  organs  go  through  stages  similar 
to  those  which  the  same  systems  pass  through  in  the  frog. 

The  course  of  development  of  the  human  embryo  and  foetus  up  to 
the  time  of  birth  has  been  briefly  considered  in  Chap.  35,  Reproduction. 
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Questions 

1.  Compare  an  egg  and  a  sperm  as  regards  structure  and  contributions  to  the 
zygote. 

2.  Describe  the  early  development  of  the  starfish. 

3.  Describe  the  early  development  of  the  frog  and  compare  the  stages  with  the 
corresponding  stages  of  the  starfish.  Account  for  the  differences. 

4.  List  the  fishlike  characteristics  of  a  tadpole. 

5.  Describe  the  development  of  the  nervous  system  of  the  frog. 


SUGGESTION  FOR  FURTHER  READING 
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6.  Describe  the  development  of  the  eye  of  the  frog. 

7.  Describe  the  development  of  the  digestive  system  of  the  tadpole.  How  do 
the  digestive  systems  of  the  frog  and  tadpole  differ?  Account  for  the  dif¬ 
ferences. 

8.  Describe  the  development  of  the  gill  pouches  and  gills  of  the  tadpole. 

9.  Describe  the  development  of  the  mesoderm  in  the  frog. 

10.  Describe  the  development  of  the  pronephros  or  head  kidney  of  the  tadpole. 

11.  What  changes  occur  at  metamorphosis  in  the  frog? 

12.  Compare  the  structure  and  cleavage  of  the  egg  of  a  chick  with  that  of  the 
starfish  and  frog  and  account  for  the  differences. 

13.  Classify  eggs  according  to  their  cleavage. 

14.  Describe  the  extraembryonic  membranes  of  the  chick  and  discuss  the  func¬ 
tions  of  each. 

15.  Compare  the  early  development  of  the  egg  of  a  higher  mammal  with  that  of 
the  starfish  and  chick.  Account  for  the  differences  and  resemblances. 

16.  Describe  the  extraembryonic  membranes  of  a  placental  mammal  and  dis¬ 
cuss  the  function  of  each.  Explain  the  origin  of  the  placenta. 


Suggestion  for  Further  Reading 

Heuttner,  Alfred  F.,  Fundamentals  of  Comparative  Embryology  of  the  Vertebrates,  The 
Macmillan  Company,  New  York,  1941.  A  well-illustrated  elementary  ac¬ 
count  of  vertebrate  development. 


CHAPTER  37 


The  Physical  Basis  of  Heredity 


1.  LIFE  CYCLES  AND  NUCLEAR  CHANGES  IN  PLANTS  AND 
ANIAAALS 

In  studying  the  life  cycles  of  plants  we  have  already  seen  that  in  all  the 
divisions  except  the  Thallophytes,  and  in  some  of  the  latter,  an  alter¬ 
nation  of  generations  occurs  in  which  a  sporophyte  generation  alternates 
with  a  gametophyte  generation.  These  two  generations  differ  in  the 
methods  by  which  they  reproduce  and  in  the  chromosome  content  of 
the  nuclei  of  their  cells,  the  nuclei  of  the  cells  of  the  sporophyte  being 
diploid,  those  of  the  gametophyte  haploid.  The  reduction  from  the 
diploid  to  the  haploid  nuclear  condition  has  been  shown  to  occur  during 
spore  formation  and  to  be  associated  with  the  complicated  process  of 
meiosis.  It  was  also  shown  that  the  return  to  the  diploid  condition 
occurred  as  a  result  of  the  union  of  the  gametes  in  fertilization  and  the 
formation  of  a  zygote. 

In  animals  there  is,  in  general,  no  alternation  of  a  diploid  with  a 
haploid  generation  such  as  occurs  in  plants.  (In  certain  gallflies  there 
is  a  curious  exception  which  need  not  concern  us  here.)  In  the  alterna¬ 
tion  of  an  asexual  with  a  sexual  generation  which  occurs  in  certain 
groups  of  the  Coelenterata  both  generations  are  diploid.  In  animals, 
meiosis,  including  reduction  from  the  diploid  to  the  haploid  number 
of  chromosomes,  occurs  at  gamete  formation  and  the  return  to  the 
diploid  condition  at  fertilization  (Fig.  37:1). 

In  most  animals,  even  at  an  early  stage  in  the  development  of  the 
embryo,  the  germ  cells,  those  cells  which  are  destined  to  give  rise  to 
gametes,  are  easily  distinguished  from  the  somatic  cells,  or  cells  which 
form  the  various  tissues  and  organs  of  the  body.  The  germ  cells  never 
really  form  a  functional  constituent  of  the  body  of  the  individual. 
Secluded  and  protected  in  the  interior  of  the  gonads  they  live  a  life 
69S 
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apart,  unaffected  by  the  ordinary  changes  which  occur  in  the  sur¬ 
rounding  cells.  Such  a  separation  and  setting  apart  of  the  germ  cells 
does  not  appear  to  exist  in  plants. 


TYPICAL  ANIMAL 


TYPICAL  PLANT 
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^Sperm  Gametes 
H  A  Cn) 

Zygotes 
(2n) 


Sporophyte 

(2n) 
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©00©  (1,) 


Gametophyte 

(In) 


Fig.  37:1  A  comparison  of  the  nuclear  changes  in  the  life  cycles  of  higher  plants  and 
animals.  Modified  after  F.,  B.  Wilson,  The  Cell,  The  Macmillan  Company. 


2.  GENERAL  ACCOUNT  OF  THE  GERM-CELL  CYCLE  IN 
ANIMALS 

The  cells  which  arc  distinguishable  in  the  development  of  the  embryo 
as  the  germ  cells  arc  called  primordial  germ  cells.  During  the  develop¬ 
ment  of  the  individual  the  primordial  germ  cells  multiply  by  ^'vision. 
When  the  gonads  develop  the  primordial  germ  cells  become  included 
in  the  testis  or  ovary  and  arc  then  named  spermatogonia  or  oogonia. 
After  the  co,n|.lete  dilTerentialion  of  the  gonads  the  germ  cells  (sperma¬ 
togonia  or  oogonia)  enter  into  a  period  of  quiescence  until  the  anima 
nears  .sexual  maturity.  With  the  approach  of  sexual  maturity  gameto- 
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genesis  or  gamete  formation,  begins.  This  process  differs  to  such  an  ex¬ 
tent  in  the  two  sexes  that  separate  descriptions  are  necessary^. 


A.  SPERMATOGENESIS 


The  entire  process  of  spermatogenesis  or  the  formation  of  spermatozoa 
occurs  in  the  tubules  of  the  testis.  The  spermatogonia  lie  in  the  walls 


Secondary 

spermatocyte 
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spermatocyte - 
dividing 


Nucleus 


Spermatogonia  Primary  .  Membrane 

spermatocyte 

Fig.  37:2  Diagram  of  a  part  of  a  section  of  a  human  seminiferous  tubule  arranged  to 
show  the  different  stages  in  spermatogenesis. 


of  the  seminiferous  tubules  and  undergo  their  development  into  sperma¬ 
tozoa  there  (Fig.  37:2).  As  the  animal  approaches  sexual  maturity  the 
spermatogonia  rapidly  increase  in  number  by  cell  division.  During  the 
period  of  sexual  maturity  the  manufacture  of  spermatozoa  goes  on  con- 
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tinually.  This  begins  when  certain  of  the  spermatogonia  increase  slightly 
in  size  and  become  primary  spermatocytes.  This  change  from  spermato¬ 
gonium  to  primary  spermatocyte  does  not  involve  a  cell  division.  It  does, 
however’,  involve  certain  important  nuclear  changes  which  will  be 
referred  to  later  in  this  chapter.  Each  primary  spermatocyte  divides  by 
a  division  which  is  called  the  first  maturation  division  to  form  two 
secondary  spermatocytes.  Each  of  the  two  secondary  spermatocytes 
divides  by  a  second  maturation  division  into  spermatids.  Each  of  the 
spermatids  becomes  differentiated  into  a  spermatozoon.  Thus  a  single 
primary  spermatocyte  gives  rise  by  two  successive  cell  divisions  to  four 
male  gametes  (Fig.  37:5). 

B.  OOGENESIS 

The  oogonia  multiply  during  the  growth  of  the  embryo,  but  in  most 
animals  there  is  a  quiescent  stage  extending  from  birth  to  sexual  maturity 
during  which  time  there  is  little  or  no  division  of  these  cells.  With  the 
beginning  of  sexual  maturity  each 


oogonium  becomes  surrounded  by 
one  or  more  layers  of  cells  which 
form  an  ovarian  follicle^  (Fig. 
37:3).  Enclosed  in  an  ovarian 
follicle  the  oogonium,  now  a  pri¬ 
mary  oocyte,  gradually  grows  to  lie 
many  times  its  original  size.  It  is 
during  this  growth  period  that  the 
yolk  is  deposited  in  the  cytoplasm 
and  that  the  apj^roximate  size 
(but  not  the  nuclear  condition) 
of  the  mature  egg  is  reached. 
Thus  the  primary  oocytes  may 
reach  a  diameter  of  0.2 millimeter 


Fig.  37:3  A  section  through  part  of  the 
ovary  of  a  frog,  Rana  pipiens.  Magnified 
95  X.  From  Shumway,  Textbook  of  General 


in  a  human  ovary,  2  millimeters  Biology,  by  permission  of  John  Wiley  & 
in  dial  of  a  frog,  and  ahoul  10  Sons,  Inc.  ..  . 
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maturation  division  is  followed  by  a  division  of  the  larger  secondary 
oocyte.  This  is  called  the  second  maturation  division.  It  is  also  very 
unequal  and  leads  to  the  formation  of  the  ootid  or  mature  egg  and  a 
minute  second  polar  body.  The  polar  bodies  are  usually  so  small  in 
comparison  to  the  ootid  that  there  is  practically  no  reduction  in  size  of 
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Fig.  37:4  Diagram  showing  the  sequence  of  events  in  the  mammalian  ovary  from  the 
development  of  an  ovarian  follicle  from  the  germinal  epithelium  to  its  rupture  and  the 
formation  of  a  corpus  luteum  and  corpus  albicans.  In  this  diagram  the  stages  follow  clock¬ 
wise  around  the  ovary,  but  during  the  actual  development  the  follicle  remains  in  one 
position  in  the  ovary  and  a  follicle  may  develop  from  the  germinal  epithelium  at  any  point 
on  the  periphery.  From  Patten,  The  Embryology  of  the  Pig,  P.  Blakiston’s  Son  &  Company. 


the  primary  oocyte.  Rarely  the  first  polar  body  divides,  forming  two 
polar  bodies.  In  this  case  the  ootid  and  the  three  last-formed  polar 
bodies  (which  may  be  considered  to  be  nonfunctional  ootids)  correspond 
to  the  four  spermatids  formed  in  spermatogenesis.  However,  while  in 
spermatogenesis  all  four  spermatids  become  functional  spermatozoa, 
in  oogenesis  only  the  ootid  which  receives  all  of  the  food  materials 
stored  in  the  primary  oocyte  becomes  functional.  The  polar  bodies  re¬ 
main  for  a  time  attached  to  the  mature  egg  but  ultimately  degenerate.  In 
many  animals,  perhaps  in  most  animals,  one  or  both  of  the  two  matura¬ 
tion  divisions  occur  after  the  oocyte  has  left  the  ovary. 
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On  account  of  its  particular  interest  in  mammals  oogenesis  will  now 
be  described  as  it  occurs  in  that  group  (Fig.  37:4).  Surrounding  the 
ovary  and  acting  as  its  outer  epithelial  layer  is  the  germinal  epithelium. 
Within  this  are  the  connective  tissue  cells  which  form  the  stroma  or 
ground  tissue  of  the  ovary.  Oogonia  appear  in  the  germinal  epithelium 


MALE  FEMALE 


Fig.  37:5  Diagram  illustrating  the  gcrm-cell  cycle  in  an  animal. 

and  are  gradually  forced  down  into  the  ovary  by  cells  from  the  germinal 
epithelium  which  form  ovigerous  tubes  extending  into  the  stroma.  The 
oogonia,  surrounded  by  cells  from  the  germinal  epithelium,  become 
separated  from  the  latter  as  egg  nests.  The  egg  nests  break  up  and  the 
oogonia  become  separated,  (‘ach  surrounded  by  its  layer  of  germinal 
cells  which  now  form  a  follicle  consisting  of  a  sphere  of  follicle  cells  in 
the  center  of  whit'h  is  the  oogonium.  As  the  follicle  is  formed  the  oogo¬ 
nium  begins  to  grow  in  size  and  to  develop  into  a  primal y  oocyte.  The 
follicle  c(‘lls  divide  and  give  rise  first  to  a  two-layered  and  then  to  a 
multipl(*-lay(‘red  follicl(‘.  Between  the  layers  of  the  follicle  cells  spaces 
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appear  which  fuse  to  form  a  continuous  cavity  into  which  the  oocyte 
projects,  surrounded  by  follicle  cells.  Such  a  follicle  is  called  a  Graaf¬ 
ian  follicle.  The  development  of  the  Graahan  follicle  and  the  process 
of  ovulation  arc  controlled  by  the  gonadotropic  hormone,  secreted 
by  the  anterior  lobe  of  the  hypophysis.  W  hen  the  development  of  the 
Graafian  follicle  is  completed  its  outer  wall  ruptures  and  the  oocyte  sur¬ 
rounded  by  follicle  cells  is  lilx?ratcd  into  the  coelom.  After  the  libera¬ 
tion  of  the  oocyte  the  Graafian  follicle  becomes  filled  with  a  blood  clot. 
The  blood  clot  is  then  gradually  absorbed  and  the  cells  of  the  follicle 
develop  into  the  corpus  luteum,  already  referred  to  in  the  chapter  on 
reproduction. 

C.  NUCLEAR  CHANGES  IN  THE  GERM-CELL  CYCLE 

In  all  animals,  except  in  a  few  special  cases,  the  nuclei  of  the  somatic 
cells  and  of  the  germ  cells  up  to  and  including  the  primary'  spermatocytes 
and  primary  oocytes  are  diploid,  i.e.,  they  contain  homologous  pairs  of 
chromosomes,  one  member  of  the  pair  being  of  paternal  the  other  of 
maternal  origin.  Also  the  division  of  these  nuclei  up  to  this  point  is  by 
the  process  of  mitosis  described  in  C’hap.  4.  Similarly  in  all  bryophytes, 
pteridophytes,  and  spermatophytes  the  nuclei  of  all  of  the  cells  of  the 
sporophyte  generation  up  to  and  including  those  of  the  spore  mother 
cells  are  diploid  and  nuclear  division  up  to  this  point  is  by  ordinary 
mitosis.  The  two  succeeding  divisions  of  the  nucleus  which  lead  to  the 
formation  of  gametes  in  animals  and  spores  in  the  plants  follow  a  pattern 
which  differs  from  ordinary  mitosis  and  in  consequence  is  termed 
meiosis.  Meiosis  is  fundamentally  the  same  in  plants  and  animals,  al¬ 
though  there  are  variations  in  the  details  (Fig.  37:6). 

Animal  spermatogenesis  may  be  considered  first.  In  the  prophase 
of  the  primary  spermatocyte,  i.e.,  at  the  beginning  of  the  first  matura¬ 
tion  division,  each  of  the  chromosomes  appears  to  be  split  longitudinally 
into  two  chromatids  as  in  ordinary  mitosis.  However,  at  about  the  same 
time,  or  a  little  later,  in  the  prophase,  homologous  chromosomes  come 
together  in  pairs  with  their  long  axes  approximately  parallel  and  the 
chromosomes  more  or  less  coiled  about  each  other.  This  association  of 
homologous  chromosomes  is  called  synapsis.  Due  to  the  splitting  of  the 
chromosomes  and  synapsis  the  pairs  of  homologous  chromosomes  in 
the  nucleus  of  the  primary  spermatocyte  are  replaced  by  groups  of  chro¬ 
matids,  four  chromatids  in  each  group.  Such  a  group  of  four  chromatids 
is  called  a  tetrad.  The  splitting  of  the  chromosomes  at  the  beginning 
of  the  maturation  division  is  the  only  division  of  the  chromosomes  in 
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the  whole  process  of  meiosis,  the  subsequent  nuclear  divisions  serving 
only  to  distribute  each  of  the  four  chromatids  of  a  tetrad,  one  to  each 
of  the  four  spermatids.  In  the  anaphase  of  the  first  maturation  division 
each  of  the  tetrads  is  divided.  Thus  in  the  nuclei  of  the  secondary  sper- 
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Fig.  37:r>  (  lompiirison  of  tlir  g,*nn-c<'ll  cycles  in  animals  and  plants.  The  somatic  num¬ 

ber  of  chromosomes  luis  been  assumed  to  be  four  in  each  case. 


rriafocytcs  the  chromatids  occur  in  groups  of  two,  called  dyads.  In  the 
division  of  lh(^  secondary  siicnnatocytcs  to  form  spermatids  the  chrorna- 
lids  of  (lie  dyads  separate  and  become  the  chromosomes  of  the  spermatids 
and  cveiinially  llic  chromosomes  of  llie  s]term  cells.  Apparently  any 
chromalid  may  pm  lo  any  spermatid,  so  that  in  a  sperm  any  one  of  the 
chromosomes  may  he  ol  eilher  maternal  or  paternal  oiigin. 
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Meiosis  as  it  occurs  in  animal  oogenesis  is  practically  identical  with 
spermatogenesis  just  described.  Synapsis  occurs  and  tetrads  are  formed 
in  the  primary  oocyte.  In  the  first  maturation  division  the  tetrads  form 
dyads  and  in  the  second  maturation  division  the  dyads  divide  to  form 
single  chromosomes  so  that  the  ootid  or  mature  egg  and  the  second  polar 
body  contain  the  haploid  number  of  chromosomes.  A  comparison  of 
mitosis  and  meiosis  may  help  in  following  the  above  discussion. 

In  plants  meiosis  is  essentially  the  same  as  in  animals.  Synapsis  occurs 
in  the  spore  mother  cells,  and  tetrads  are  formed  there.  In  the  first 
maturation  division  the  tetrads  are  divided  to  form  dyads.  In  the  second 
maturation  division  the  dyads  divide  to  give  the  single  chromosomes  of 
the  spores,  which  like  the  eggs  and  sperms  of  animals  are  haploid.  It 
should  be  noted  that  in  some  plants  there  is  no  visible  splitting  of  the 
chromosomes  until  after  synapsis  so  that  tetrads  do  not  appear  to  be 
formed  although  the  process  of  meiosis  appears  to  be  otherwise  similar. 

The  results  of  meiosis  may  be  summarized  as  follows:  (1)  The  diploid 
chromosome  number  of  the  spermatogonia  and  oogonia  is  reduced  to 
the  haploid  number  found  in  the  mature  germ  cells.  (2)  The  chromo¬ 
somes  which  occur  in  homologous  pairs  in  the  diploid  nucleus  occur 
only  as  single  chromosomes  in  the  mature  germ  cells  so  that  except  in 
certain  special  cases  a  germ  cell  never  contains  two  homologous  chromo¬ 
somes.  (3)  The  chromatids  from  a  tetrad  are  distributed  at  random  one 
to  each  of  the  resulting  sperm,  eggs,  or  spores,  as  the  case  may  be.  Since 
in  any  individual  animal,  one  member  of  a  pair  of  homologous  chromo¬ 
somes  can  be  traced  to  the  father  and  the  other  to  the  mother  of  the 
individual,  it  follows  that  in  any  mature  germ  cell  produced  by  an  in¬ 
dividual  any  one  of  the  single  chromosomes  may  be  of  either  paternal 
or  maternal  origin.  This,  as  will  appear  later,  has  an  important  bearing 
on  the  transmission  of  hereditary^  characteristics  which  are  believed  to 
be  determined  by  certain  bodies  in  the  chromosomes. 

3.  THE  CHROMOSOMES 

In  the  description  of  mitosis  in  Chap.  4  and  again  in  the  account  of 
meiosis  in  this  chapter,  the  chromosomes  are  seen  to  play  a  leading  role. 
We  now  propose  to  study  these  important  structures  in  more  detail  and 
will  begin  with  a  brief  review  of  their  history.  In  most  cells  it  is  not  possi¬ 
ble  to  recognize  the  chromosomes  in  the  resting  stage  of  the  nucleus.  The 
chromosomes  first  become  recognizable  in  the  beginning  of  the  pro¬ 
phase  of  a  cell  division  when  they  appear  as  condensations  of  the  scattered 
chromatin  granules  of  the  resting  nucleus  into  fine,  tangled,  threadlike 
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bodies.  Each  of  these  threadlike  chromosomes  splits  longitudinally  and 
at  the  end  of  the  prophase  is  represented  by  two  deeply  staining,  rodlike 
structures  adhering  to  each  other  longitudinally.  In  this  condition  they 
become  arranged  on  the  equatorial  plate  in  the  metaphase.  The  two 
rodlike  structures  separate  during  the  anaphase  and  go  to  opposite  poles 
of  the  division  figure.  During  the  telophase  the  chromosomes  gradually 
swell  up  and  become  irregular,  rounded  vesicles  in  which  the  chromatin 
granules  are  scattered.  At  the  end  of  this  phase  the  vesicles  at  each  pole 
coalesce  to  form  a  new  nucleus  in  which  the  chromatin  granules  are 
scattered  in  an  irregular  network,  and  the  boundaries  of  the  chromosome 
vesicles  are  no  longer  visible.  This  is  what  usually  happens.  However,  in 
a  few  cases  persistent  chromosome  vesicles  have  been  observed  in  the 
resting  stage  of  the  nucleus. 


A,  a  diploid  cell  from  a  woman  B,  a  diploid  cell  from  a  man 


1 1 «  U  M  )»l 

Cl,  Clhromosomcs  in  a  diploid  cell  from  a  man 

litfi  N  »i  n 

D,  Chromosomes  in  a  diploid  cell  from  a  woman 
Fig.  37:7  Chroinosoines  of  the  human  male  and  female.  A,  a  cell  from  a  woman  show¬ 
ing  forty-eight  chromosomes,  two  of  which  are  presumably  X-chromosornes ,  ,  a  ce 

from  a  man  sliowing  forty-eiglit  chromosoiiK'S,  one  of  which  is  the  -c  romosome  an 
another  presinnably  an  X-cliromosome ;  C;  the  forty-eight  chromosomes  from  a  cell  ot  a 
.narg  separated  and  arranged  to  show  their  occurrence  in  pairs.  Note  the  Y-chromosome 
at  the  end  of  the  series.  1 ),  the  forty-eight  chromosomes  from  a  cell  of  a  woman,  separated 
and  arranged  to  show  their  occurrence  in  pains,  the  pair  of  chromosomes  at  the  encl  of 
the  series  are  thought  to  be  X-(  hromosomes.  All  ligures  after  ^ 

Chrownsnwrs  in  Afnn,  .SV.v  am/  SonuUic,  by  i)ermission  of  the  University  of  California  Fitss. 
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A.  CHROMOSOME  NUMBER 

Reference  has  already  been  made  to  the  fact  that  each  species  of 
animal  or  plant  has  a  certain  constancy  in  the  number  and  character¬ 
istics  of  its  chromosomes.  Table  37:1  gives  the  chromosome  numbers  of 
some  common  animals  and  plants  chosen  from  difTcrent  groups.  It  will 
be  noticed  that  there  is  no  correspondence  between  the  numbers  of  chro¬ 
mosomes  and  the  amount  of  difTcrentiation  or  evolutionary  development 
shown  in  the  group.  In  man  in  the  somatic  cells  and  in  the  spermato¬ 
gonia  and  oogonia  the  chromosomes  number  forty-eight  or  twenty-four 
pairs  (Fig.  37:7). 


B.  THE  GENETIC  CONTINUITY  OF  THE  CHROMOSOMES 

From  the  above  description  it  will  be  .seen  that  in  most  ca.scs  we  lose 
sight  of  the  chromosomes  during  the  resting  stage  of  the  nucleus.  This  is 
the  stage  in  which  the  nucleus  passes  most  of  its  existence  and  during 
which  the  morphological  difTcrentiation  of  the  cytoplasm  of  the  cell 
occurs.  We  are  therefore  faced  with  the  problem  of  what  becomes  of  the 
chromosomes  in  the  resting  stage  of  the  nucleus  and  whether  the  chromo- 


TABLE  37:1. 

NOR.MAL  CHRO.MOSOME 

NUMBERS  FOR  A 

NUMBER  OF 

SPECIES ‘ 

COMMON  NAME 

SPECIES 

GROUP 

DIPLOID 

NUMBER 

Animals 

Sponge 

Sycandra  sp. 

Porifera  (sponges) 

16 

Hydra 

Hydra  fusca 

Coclcnterata 

12 

Roundworm 

Ascaris  megalocephala  univalens 

Ncmathelminthes 

2 

Planarian 

Dendrocoelum  lacteum 

Platyhclminthcs 

14 

Earthworm 

Liimbricus  herculeus 

Annelida 

32 

Clam 

Unio  sp. 

Mollusca 

32 

Crayfish 

Cambarus  virilis 

Crustacea 

200 

Fruit  fly 

Drosophila  melanogaster 

Insecta 

8 

Dogfish 

Scyllium  canicula 

Pisces 

24 

Bullfrog 

Rana  catesbiana 

Amphibia 

26 

Hen 

Callus  domesticus 

Aves 

18 

Dog 

Canis  Jamiliaris 

Mammalia 

52 

Man 

Homo  sapiens 

Mammalia 

Plants 

Alga 

Spirogyra  neglecta 

Algae 

24 

Liverwort 

Riccia  lutescens 

Bryophyta 

8 

Moss 

Bryum  capillare 

Bryophyta 

20 

Fern 

P ter  is  aquilina 

Pteridophyta 

64 

Lily 

Lilium  martagon 

Spermatophyta 

24 

Corn 

^ea  mays 

Sp>ermatophyta 

20 

^  Selected  from  a  more  extensive  table  in  E.  B.  Wilson,  The  Cell  in  Development  and  Heredity, 
The  Macmillan  Company,  New  York,  1925, 
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somes  are  genetically  continuous,  i.e.,  whether  they  continue  to  exist  as 
individual  chromosomes  throughout  the  life  of  the  cell. 

Two  lines  of  evidence  indicate  the  genetic  continuity  of  the  chromo¬ 
somes.  The  first  is  their  regular  recurrence  at  each  division  of  the  nucleus 
with  identical  morphological  characteristics.  The  second  line  of  evidence 
is  the  location  in  the  chromiosomes  of  the  genes  or  determiners  of  heredi¬ 
tary  characters.  As  will  be  shown  in  Chap.  38,  Heredity,  not  only  have 
the  genes  (cell  constituents  which  correspond  to  hereditary  characteristics) 
been  shown  to  reside  in  the  chromosomes,  but  in  certain  cases  their 
positions  in  the  chromosomes  have  been  determined.  These  determina¬ 
tions  have  shown  that  the  genes  maintain  the  same  position  in  the  chro¬ 
mosomes  from  cell  division  to  cell  division  and  generation  to  generation 
except  in  certain  special  cases  to  be  considered  later. 


C  THE  FINER  STRUCTURE  OF  THE  CHROMOSOMES 


On  account  of  their  great  importance  much  interest  is  attached  to  the 
finer  structure  of  the  chromosomes  and  attempts  to  identify  the  genes  in 
them.  It  cannot  be  said  that  any  gene  has  yet  been  identified  with  cer¬ 
tainty,  but  recent  investigations  have  determined  within  narrow  limits 
the  position  in  the  chromosome  of  certain  genes  and  it  seems  likely  that 
their  identification  is  not  far  off. 

The  finer  structure  of  the  chromosomes  is  best  seen  in  the  prophase 
stage  in  which  they  extend  as  long  fine  threads.  In  these  threads  the 
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Fig.  37:8  Part  of  an  X-chroinosoinc  of  the  salivary  gland  of  the  fruit  fly,  Drosophilia 
mealarwgaster,  v(Ty  highly  inagnilied  sliovving  the  banded  structure  and  the  approximate 
location  (;f  the  gene  for  vvliite  eye  color  (W)  as  determined  by  combined  results  of  breed¬ 
ing  experitnents  and  microscopical  investigations.  Redrawn  from  an  article  m  ihc  Journal 
of  Heredity  by  Cl.  Ih  Bridges,  by  |)(‘nnission. 


chromatin  matc'rial  takes  the  form  of  small  irregular  masses  which  in 
some  cases  ajipt'ar  as  large  granules  and  in  others  as  bands.  In  the  sali- 
vary  ul.'in.ls  of  flics  (l)i|)tcra)  arc  large  cells  with  large  nuclei.  These 
nuclei  conlaiti  gigantic  chroinosonics.  The  chromosomes  of  the  salivary 
glatuls  of  the  fruit  fly  Drosolilii/ti  have  recently  been  studied  in  great 
detail.  .Since  the  fruit  fly  is  tilso  a  very  favorable  object  for  the  study  of 
heredity  it  is  |.(.ssibl<-  to  correlate  the  cyfologieal  findings  regarding  the 
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X  Chromosome 
Fig.  37:9  Parts  of  two 
chromosomes  in  synap¬ 
sis  to  show'  how  corre¬ 
sponding  regions  of  the 
chromosomes  come  to¬ 
gether.  This  is  made 
more  conspicuous  by 
the  fact  that  a  part  of 
one  of  the  chromosomes 
is  “deleted,”  i.e.,  miss¬ 
ing.  From  the  salivary 
gland  of  the  fruit  fly 
Drosophila  melanogasUr . 
From  an  article  by 
Painter  in  the  Journal 
of  Heredity^  by  permis- 


structure  and  structural  changes  with  the  behavior 
of  the  genes  in  heredity. 

In  the  illustration  (Fig.  37:8)  the  chromatin  is 
arranged  in  dark  bands  which  cross  the  chromo¬ 
some.  (Whether  these  “bands”  are  discs  e.xtend- 
ing  through  the  chromosome  or  rings  surround¬ 
ing  it  is  not  certain.)  A  considerable  number  of 
genes  have  been  located  along  the  length  of  this 
chromosome.  At  or  very  near  the  band  marked 
“\V”  is  located  a  gene  which  is  responsible  for 
certain  eye  colors.  In  what  is  regarded  as  the  nor¬ 
mal  condition  of  this  gene  the  eyes  are  red,  in  an¬ 
other  and  difTerent  condition  of  the  gene  the  eyes 
are  white,  in  yet  another  condition  of  the  gene 
they  are  a  yellowish  red  (eosin).  Precisely  how  the 
gene  in  the  chromosome  acts  to  produce  the  color 
in  the  eye  is  not  known,  but  that  it  does  so  is 
clearly  established  by  experimental  breeding  and 
cytolog>^ 

4.  SYNAPSIS 


sion.  One  of  the  most  significant  features  of  meiosis  is 

synapsis.  As  already  stated  this  consists  of  a  pairing  of  homologous  chro¬ 


mosomes  and  occurs  in  the  primary 
spermatocytes  and  oocytes  during 
the  growth  periods.  In  those  cases 
where  synapsis  can  be  most  clearly 
observed  the  union  between  the 


. . iiiiitttd 
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chromosomes  seems  to  be  a  very  in¬ 
timate  one  and  to  be  such  that  cor¬ 
responding  parts  of  the  chromosomes 
are  united.  When,  as  sometimes  oc¬ 
curs,  a  short  region  is  missing  from 
one  of  the  chromosomes  of  a  pair 
united  in  synapsis,  the  union  occurs 
so  that  only  identical  parts  of  the  chro¬ 
mosomes  unite  and  the  part  of  the 
chromosome  without  a  correspond¬ 
ing  part  in  the  other  chromosome 
hangs  out  as  a  free  loop  (Fig.  37:9). 
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Fig.  37:10  Diagram  illustrating  the 
explanation  of  crossing  over  as  due  to  the 
twisting  of  chromosomes.  The  chromo¬ 
somes  are  supposed  to  become  attached 
at  some  point,  then  to  break  and  the 
pieces  of  different  chromosomes  to  re¬ 
combine  as  indicated.  The  white  chro¬ 
mosome  may  be  regarded  as  having 
come  from  one  parent,  the  crosshatched 
as  having  come  from  another.  After 
Shull,  Heredity,  McGraw-Hill  Book  Com¬ 
pany,  Inc. 
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Synapsis  is  of  great  importance  in  the  transmission  of  hereditary 
characters.  It  is  now  known  that  during  this  process,  or  as  a  result  of  it, 
portions  of  the  chromosomes  with  their  contained  genes  may  be  inter¬ 
changed,  so  that  a  part  of  one  of  the  chromosomes  with  the  genes  which 
it  contains  may  change  places  with  the  corresponding  part  of  the  chro¬ 
mosome  with  which  it  is  synapsed.  This  phenomenon,  called  crossing 
over,  can  be  demonstrated  in  breeding  experiments  and  will  be  referred 
to  in  the  next  chapter  (Fig.  37:10). 

5.  FERTILIZATION 

A.  THE  UNION  OF  SPERM  AND  EGG 

In  a  previous  chapter  experiments  were  cited  which  indicated  that  in 
bryophytes  and  pteridophytes  the  sperm  was  attracted  toward  the  egg  in 
the  archegonium  by  some  chemical  substance,  possibly  malic  acid.  There 
is  evidence  that  the  growth  of  the  pollen  tube  in  flowering  plants  is  also 


Nucleus  of  sperm 

Fig.  37:11  Diagram  illustrating  fertilization.  .\,  sperm  entering  mature  egg;  B,  sperm 
nucleus  and  centrosome  (from  middle  piece  of  sperm)  approaching  egg  nucleus;  C,  sperm 
nucleus  fusing  with  egg  nucleus,  centrosome  divided;  D,  first  nuclear  division  in  zygote. 


a  chcmotropic  phenomenon.  In  animals  the  matter  seems  to  be  other¬ 
wise.  Experiments  directed  to  determine  what,  if  any,  chemical  sub¬ 
stances  were  involved  have  given  negative  results  and  it  is  now  generally 
believed  that  in  the  case  of  animals  the  sperm  reaches  the  egg  by  accident, 
but  having  once  touched  it  remains  in  contact  until  it  penetrates  the 
vitelline  membraiK'.  In  most  eggs  the  entrance  of  a  single  sperm  produces 
an  imm(*diat('  rhang('  in  th(‘  ('gg  so  that  other  sperm  do  not  enter.  This 
seems  to  be  partly  but  not  entirely  due  to  the  formation  by  the  egg  of  a 
fertilization  membrane  through  which  the  sperm  arc  unable  to  pass. 
Usually  the  entire  sperm  enters  the  egg  but  in  some  cases,  for  ex¬ 
ample  the.  sea  urchin  and  the  starfish,  a  part  of  the  tail  is  left  outside 
(Fig.  37:11). 
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8.  THE  CONTRIBUTIONS  OF  THE  GAMETES 

Altliough  the  contributions  of  the  egg  and  sperm  toward  the  chro¬ 
mosomes  of  the  nucleus  of  the  zygote  are  in  most  cases  approximateh 
equal  while  not  exactly  the  same,  the  cytoplasmic  contributions  an 
markedly  different.  In  the  egg  the  cytoplasm  seems  to  be  mainly  con¬ 
cerned  with  the  storage  of  food  materials  for  the  future  embryo.  In  the 
sperm  the  cytoplasm  is  small  in  amount  and  represented  only  by  the 
tail  and  middle  |)iece,  this  gamete  Ix'ing  adapted  for  locomotion.  I’lic 
centrosome  of  the  zygote  is  contributed  by  the  sperm  of  which  it  con¬ 
stitutes  the  middle  piece,  hhe  mature  egg  is  without  a  centrosome. 


6.  SEX  DETERMINATION 

In  many  animals  and  .some  plants  the  nuclei  of  the  cells  of  the  female 
have  been  found  to  differ  in  their  chromosome  constitution  from  those 


Somofic 
cell  of 
femole 
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Fig.  37:12 


Sex  detennination  as  illustrated  in  the  fruit  fly,  Drosophila  melanogaster. 


of  the  male.  We  may  take  as  an  example  the  fruit  fly,  Drosophila.-Tho: 
difference  between  the  male  and  the  female  set  of  chromosomes  is  found 
in  one  of  the  pairs  of  chromosomes,  called  on  this  account  the  sex  chro- 
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mosomes,  the  other  chromosomes  being  called  autosomes.  In  the  female 
the  sex  chromosomes,  which  are  designated  the  X-chromosomes,  are 
exactly  alike  while  in  the  male  one  sex  chromosome  designated  also 
the  X-chromosome  is  exactly  like  the  two  X-chromosomes  of  the  female 
while  the  other. member  of  the  pair  designated  the  Y-chromosome  is 
different  in  shape  (Fig.  37:12).  It  has  been  proved  that  the  “femaleness” 
of  a  female  individual  is  in  large  part  due  to  the  presence  of  the  two 
X-chromosomes,  while  “maleness”  of  a  male  individual  is  in  large  part 
due  to  its  possessing  only  one  X-chromosome. 

The  method  by  which  sex  is  determined  in  the  fruit  fly  can  be  best 
understood  by  following  the  sex  chromosomes  through  the  germ-cell 
cycle  (Fig.  37:12).  Since  the  cells  of  the  female  each  contain  two  X-chro¬ 
mosomes,  the  mature  eggs  must  each  contain  one  X-chromosome  and  in 
this  respect  are  all  alike.  The  cells  of  the  male  each  contain  one  X-chro- 
mosome  and  one  Y-chromosome.  When  spermatozoa  are  formed  they 
are  of  two  types,  one  type  containing  one  X-chromosome  and  the  other 
type  containing  a  Y-chromosome.  It  is  clear  also  that  the  two  types 
occur  in  equal  numl^crs.  When,  therefore,  an  egg  is  fertilized,  there  is 
an  equal  chance  of  cither  a  sperm  containing  an  X-chromosome  or  a 
sperm  containing  a  Y-chromosome  uniting  with  it.  If  it  is  fertilized  by 
a  sperm  containing  an  X-chromosome,  the  cells  of  the  resulting  zygote 
will  contain  two  X-chroinosoincs  and  the  individual  will  be  a  female. 
If,  on  the  other  hand,  it  is  fertilized  by  a  sperm  containing  a  Y-chromo- 
soine,  th(!  cells  of  the  zygote  will  contain  an  X-chromosome  and  a 
Y-chrornosom(‘  and  (he  individual  will  be  a  male.  It  has  been  proved  by 
inlcnjscopic  examination  of  the  germ  cells  that  the  method  above  out¬ 
lined  is  (he  metliod,  with  ('('rtain  dillercnccs  ol  detail,  by  which  sex  is 
d(‘(ermined  in  many  animals,  including  man.  It  is  thus  seen  that  sex, 
in  most  cases  at  least,  is  dc'tcM'inined  at  the  time  of  fertilization  and  that 
it  is  det(Tmin(‘d  by  the  chromosomes. 


7,  PARTHENOGENESIS 


III  (■(■rlaiii  cases  ecus  may  ('leave  and  cleveloj)  into  mature  individuals 
vitl.oul  havinu  uniled  will,  a  sperm.  'I'liis  is  called  parthenogenesis 
( ir.  Iiiirllirti<>\,  a  v'ireiu  f  ijnirni.  In  be  born)  and  occuis  regularly  in 
•erlain  animals.  Refereiua'  has  aln'ady  been  made  to  the  fact  that  the 
iialc  bee  or  drone  always  arises  from  a  inaUire  but  unfertilized  egg.  Its 
•ells  are  haploid  and  when  sperma(o/oa  are  formed  in  Us  testes  there  is 
,o  meiosis  and  no  reduelion  of  (lie  ebi ..mosomes.  Numerous  other  ex- 
imples  of  nalural  parthenogenesis  could  be  eiled.  In  some  cases  the 
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develop  without  completing  the  maturation  process  and  th( 
resulting  individual  be  diploid. 

Various  methods,  both  chemical  and  physical,  applied  to  sea  urchia’^ 
and  other  eggs  have  been  found  to  produce  artificial  parthenogenesis. 
As  in  the  case  of  natural  parthenogenesis,  development  may  be  initiated 
either  before  or  after  maturation  and  lead  to  cither  diploid  or  haploid 
individuals  respectively. 
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Questions 


1.  Compare  the  life  cycle  of  a  typical  higher  plant  with  that  of  a  typical  higher 
animal. 

2.  Make  a  diagram  comparing  the  general  cellular  features  of  spermatogenesis 
and  oogenesis,  and  state  in  what  part  of  the  body  of  the  animal  each  stage  . 
occurs. 

3.  Compare  the  nuclear  changes  in  the  germ-cell  cycle  of  a  typical  animal  and 
a  typical  higher  plant. 

4.  Describe  a  chromosome  and  discuss  the  changes  which  the  chromosomes 
undergo  in  the  life  cycle  of  an  animal. 

5.  Does  the  number  of  chromosomes  bear  any  relation  to  the  evolutionary 
status  of  an  animal  or  plant?  Illustrate  your  answer  by  examples. 

6.  What  evidence  is  there  that  the  chromosomes  exist  individually  from  one  \ 
cell  division  to  the  next? 

7.  Where  are  the  genes? 

8.  Describe  meiosis  in  an  animal. 

9.  Explain  the  chromosomal  mechanism  of  sex  determination. 

10.  Define  parthenogenesis.  Give  examples  of  natural  and  artificial  partheno¬ 
genesis. 


CHAPTER  38 


Heredity 


1.  REPRODUCTION  AND  HEREDITY 

We  have  already  seen  numerous  examples  of  how  plants  and  animals 
may  reproduce  by  sexual  and  asexual  reproduction.  In  all  cases  of 
asexual  reproduction  the  new  individual  arises  from  a  portion  of  the 
parent  individual  without  any  fusion  of  gametes.  Such  an  individual, 
in  so  far  as  the  constitution  of  its  protoplasm  and  the  nuclei  of  its  cells  is 
concerned,  is  the  same  as  the  parent  from  which  it  arose.  On  the  other 
hand,  in  the  case  of  sexual  reproduction  the  new  individual  arises  from 
the  fusion  of  two  gametes,  and  the  resulting  zygote  contains  living  ma¬ 
terial  from  each  of  the  two  parents.  The  study  of  heredity  is  concerned 
chiefly  with  the  likenesses  and  differences  which  result  from  the  sexual 
method  of  reproduction. 

Our  study  of  sexual  reproduction  has  shown  us  that  the  only  way  in 
which  a  characteristic  can  be  transmitted  from  parent  to  offspring  is 
through  the  gametes.  The  characteristic,  as  such,  is  not  actually  passed 
from  parent  to  offspring.  What  is  transmitted  is  the  tendency  for  the 
particular  charact(‘ristic  to  develoj:)  in  the  oflspring.  The  material  basis 
of  this  tendency  has  been  called  the  gene.  Thus  the  hereditary  factors 
or  genes  j)ass  from  one  gen(‘ration  to  another  in  the  gametes.  In  the 
previous  chaj)ter  th('  g('nes  were  stated  to  be  located  in  the  chromosomes. 


2.  HEREDITY  AND  VARIATION 

It  is  common  ('X|)erienc(‘  lliat  in  the  organic  world  like  begets  like, 
that  from  a  Ihmi's  egg  ('an  ('oiih'  only  a  chicken,  that  the  seeds  of  a  wheat 
plant  will  prodn('(‘ only  wheat  plants.  Reproduction  is  one  of  the  charac¬ 
teristics  of  living  organisms  whi('h  distinguishes  them  from  inanimate 
things  and  reproduction  implic's  heredity.  Nevertheless,  animals  and 
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plants  of  the  same  species  or  the  same  race  are  not  exactly  alike;  each 
one  differs,  if  only  slightly,  from  the  other.  Thus  while  heredity  ensures 
that  the  individuals  of  the  species  shall  in  general  be  alike  and  that  the 
characteristics  of  the  species  shall  be  maintained,  there  is,  nevertheless, 
a  tendency  for  individuals  to  differ  from  each  other.  This  tendency  is 
called  variation. 


3.  KINDS  OF  VARIATION 


Two  kinds  of  characters  may  lx*  grouped  under  the  general  name  of 
variations:  (1)  characters  which  are  due  to  differences  in  the  environ¬ 
ment  under  which  the  individuals  have  developed,  (2)  characters  called 
mutations  which  have  arisen  suddenly  in  a  single  individual  without 
particular  relation  to  the  environmental  conditions.  The  differences 


Fig.  38:1  Variation  produced  by  the 
environment.  /X,  plant  of  the  dandelion 
{Taraxacum)  grown  in  a  lowland  garden; 
B,  portion  of  the  same  plant  grown  in  an 
alpine  garden  under  relatively  unfavorable 
conditions,  .\fter  Bonnier,  from  Sinnott 
and  Dunn,  Principles  of  Genetics^  by  permis¬ 
sion  of  the  McGraw-Hill  Book  Company. 


Nfany  plants  can  be  grown  by 
“cuttings.”  A  portion  cut  from  a 
plant  is  planted  and  gives  ri.se  to  a 
new  plant.  Figure  38:1  shows  two 
plants,  one  grown  from  a  cutting 
from  the  other.  The  original  plant, 
A,  in  the  figure,  was  grown  in  a  low¬ 
land  garden  under  rclativ^ely  favor¬ 
able  conditions.  The  plant  raised 
from  the  cutting  was  grown  in  an 
alpine  garden  under  relatively  un¬ 
favorable  conditions.  The  two 
plants  differ  in  a  number  of  char¬ 
acters,  including  size,  length  of  the 


flower  stalks,  and  the  shape  of  the 
leaves.  A  cutting  from  B  grown  under  favorable  lowland  conditions 
would,  there  is  every  reason  to  believe,  produce  a  plant  like  A. 
Characters  which  like  these  are  due  to  differences  in  the  environment 
are  often  called  acquired  characters. 


Ixrtwccn  these  two  kinds  of  varia¬ 
tions  can  Ix!  most  clearly  under¬ 
stood  by  considering  examples. 

A.  CHARACTERS  DUE  TO 
DIFFERENCES  IN  THE 
ENVIRONMENT 
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The  following  experiment  shows  the  effect  of  the  environment  in 
inducing  an  acquired  character  in  an  animal.  When  eggs  of  the  small 
hsh  Fundulus  are  raised  in  sea  water  containing  various  salts  of  magne- 
dum,  curious  but  characteristic  modifications  occur.  The  eyes  tend  to  be 


Fig.  :tH:2  in  nC  r,.i«-.l  Stairs  army  rrcn.its  1  hr  horizontal  scale 

rri.rrHrnts  thr  hr,i;ht  m  i.trh.-H.  Thr  vrrtiral  rolnimi.s  rrprrsrnt  the 

ilili, Inals  or  rarh  hrittht.  Altrr  ( 1.  H.  1  )av.-nport  from  I’oprnor  and  Johnson,  Apphed 

lin^ruu I  h<*  M.icniill.in  ^  .ompiiuy. 

tlrffflivf  at., I  tt.uvf  (..war.l  tlu-  t.u-liat,  lino.  In  oxtro.no  oasos  tho  eyes 
tnay  l,,-<„,no  I,.  ;, -.I,  |„  ...  lt,oino  a  oontlilhm  .s.nnlar  to  that  att.  tbutod  to 
tln^iont  Cyclops.  Tho  ,  on.lition  is  t.ot  hihorit.xl  and  it  ts  d.n.oult  to  see 

how  tho  It, . l.oation  .»,ild  I'ossihlv  ho  intorprotod  as  an  adaptation  to 

tho  <-nvii,)nniottl.  Many  :iinilar  oasos  oottld  ho  oitod. 
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The  two  examples  cited,  viz.,  the  dandelion  grown  in  an  alpine 
climate  and  the  Fundulus  eggs  treated  with  magnesium  salts,  are  extreme' 
cases.  Less  conspicuous  cases  occur  everywhere.  Indeed,  as  alread\! 
stated,  no  two  organisms  of  the  same  species  are  exactly  alike.  However  1 

all  normal  individuals  of 
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Fig.  38:3  When  deviations  in  all  directions  are 
equally  probable,  as  in  the  case  of  shots  fired  at  a 
target  by  an  expert  marksman,  the  “frequencies” 
will  arrange  themselves  in  the  manner  shown  by  the 
bullets  in  the  compartments  above.  A  line  drawn 
along  the  tops  of  these  columns  of  bullets  would  form 
a  “normal  probability  curv’e.”  Diagram  by  C.  H. 
Popenoe.  From  Popenoe  and  Johnson,  Applied 
.Eugenics,  The  Macmillan  Company. 


given  species  tend  to  con  j 
form  to  a  certain  type  anc: 
in  many  cases  variatior 
about  this  type  lends  itseli 
to  exact  study.  Men  vary  in 
height.  The  height  in  inches 
of  a  group  of  United  States 
Army  recruits  is  shown 
graphically  in  Figure  38:2. | 
Although  the  heights  va¬ 
ried  from  58  inches  (4  feet, 
10  inches)  to  74  inches  (6 
feet,  2  inches),  individuals 
of  these  extremes  are  very 
rare.  The  most  frequent 
height,  called  the  mode,  is 
between  65  and  66  inches, 
or  between  5  feet,  5  inches, 
and  5  feet,  6  inches.  The 
mode  is  not  the  same  as 
the  average.  The  average 
height  is  determined  by  tak¬ 
ing  the  sum  of  all  the  in¬ 
dividual  heights  and  divid¬ 
ing  by  the  number  of  men. 
In  the  example  chosen,  the 
average  height  comes  within 


the  limits  of  the  mode.  This  variation  is  not  entirely  due  to  environ¬ 
ment. 

A  similar  diagram  can  be  made  from  the  measurement  of  the  distances 
of  the  shots  of  an  expert  marksman  from  the  center  of  the  target.  The 
diagram  will  be  found  to  be  on  the  whole  similar  to  that  obtained  from 
the  measurements  of  the  recruits  (Fig.  38:3).  If,  in  the  two  diagrams, 
the  tops  of  the  columns  representing  the  .different  heights  are  joined,  a 
distribution  curve  is  obtained.-  The  curve  for  the  distances  from  the 
target  represents  a  distribution  which  is  entirely  due  to  chance  and 
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s  called  a  probability  curve.  The  distribution  curve  for  the  recruits 
hows  that  it  also  corresponds  approximately  to  a  probability  curve. 

Not  all  biological  characters  when  measured  in  a  sample  of  a  popula- 
ion  give  a  probability  curve.  This  is  explained  as  being  due  to  the  fact 
hat  in  such  cases  some  factor  at  work  upsets  the  even  distribution. 


Fig.  38:4  Miif.ition  in  (Ik-  tnrk^  y.  Mxivc,  a  while  race  ^vhich  breeds  true.  Below,  the 


:ommon  race.  Photogrnph  Iw.l  M.ivor. 
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B.  MUTATIONS 

Among  a  flock  of  purebred  sheep  on  a  farm  in  New  England  there  j 
appeared  about  one  hundred  years  ago  a  lamb  with  very  short,  bowed 
legs.  The  lamb  was  reared  and  bred  and  gave  rise  to  the  Ancon  breed 
of  sheep,  a  breed  with  short,  l>owed  legs.  The  different  breeds  of  hornless 
cattle  have  originated  in  the  same  way  from  a  mutation  which  first  ! 
appeared  in  a  single  individual.  Another  e.xample  is  that  of  the  white  i 
turkeys  now  popular  with  breeders  (Eig.  38:4).  A  mutation  may  be  I 
defined  as  an  abrupt  heritable  modification  of  a  character  or  group  of  I 
characters  of  an  organism.  Mutations  are  due  to  changes  in  the  germ  | 
plasm  or  hereditary  material.  Many  examples  of  mutations  will  be  given 
in  subsequent  sections.  | 

Extensive  inv’estigations  in  experimental  breeding  have  established  f 
that  mutations  may  be  due  to  changes  in  the  number  of  chromosomes,  | 
in  the  chromosomes  themselves,  «r  in  the  genes  which  they  contain  (gene- 1 
mutations).  Exceptions  occur  in  plants  in  which  some  characters  have 
been  shown  to  be  carried  in  the  cytoplasm.  The  characteristic  which  is 
called  a  mutation,  for  example  the  short  legs  of  the  sheep  referred  to,  is, 
in  fact,  but  the  final  phase  of  a  complicated  process  which  had  its  origin 
in  a  change  in  a  gene  in  one  of  the  chromosomes  in  one  of  the  germ  cells 
of  one  of  the  normal  ancestors  of  the  sheep.  Thus  the  study  of  heredity 
leads  to  the  conclusion  that  everv’  animal  and  plant  has  an  assortment  of 
genes  in  its  chromosomes  which  are  responsible  for  its  various  inherited 
characteristics. 

4.  HOW  MUTATIONS  ARE  INHERITED 

A.  A  SIMPLE  OR  MONOHYBRID  CROSS 

When  mutations  occur  among  our  domesticated  plants  and  animals 
they  are  often  preserved  by  inbreeding  and  selection.  It  is  in  this  way 
that  most  of  our  fancy  breeds  and  garden  flowers  have  arisen. 

For  the  purpose  of  studying  the  inheritance  of  mutations  we  will  take  as 
an  example  two  varieties  of  snapdragon,  one  of  which  has  red  flowers, 
the  other  white  flowers.  These  breed  true  from  seed.  Let  us  now  cross  a 
plant  of  the  red-flowered  variety  with  one  of  the  white-flowered  variety 
(Fig.  38:5).  These  two  plants  may  be  called  the  parents  and  designated 
by  the  letter  P.  The  seeds  which  are  formed  give  rise  to  the  first  genera¬ 
tion  of  offspring,  Fi.  These  plants  all  have  pink  flowers.  If  now  these 
Fi  plants  are  self-fertilized,  i.e.,  the  stigmas  of  the  flowers  of  each  plant 
allowed  to  receive  pollen  only  from  the. same  plant,  the  offspring  of  the 
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second  generation,  F2,  are  found  to  consist  of  three  kinds  of  plants,  viz., 
plants  with  red  flowers,  plants  with  pink  flowers,  and  plants  with  white 
flowers,  and  these  are  found  to  be  in  the  proportion  of  one  red-flowering 
to  two  pink-flowering  to  one  white-flowering  plant.  This  experiment  has 
been  performed  over  and  over  again;  the  result  is  fact,  not  theory. 


P 


White  (ww) 


F2 


Red  (WW) 


Pink  (Ww) 


Pink  (Ww)  Pink  (Ww) 


White  (ww) 


Fig.  38:5  niagraiii  representing  a  cross  between  a  pure  red  and  a  pure  white  snap¬ 
dragon.  'I'lie  I’l  are  all  pink.  'The  F2  consist  of  red,  pink,  and  white  individuals  in  the 
proportion  of  one  red  to  two  pink,  and  one  white.  (Actually,  in  the  original  experiments 
on  inheritance  in  these  i)lants  in  (ierinany,  plants  with  ivory  rather  than  white  flowers 
were  used.)  'The  shape  of  the  flowers  is  not  involved. 


I'hc  explanation  of  tlii.s  peculiar  [phenomenon  is  to  be  found  by  relating 
the  characters  to  thtar  gent's.  'J'he  cells  of  the  red-flowering  snapdragon 
contain  the  gent*  in  th(*  condition  which  leads  to  the  production  of  red 
llow(TS,  those  of  the  whit<‘-flowering  snapdragon  contain  it  in  the  con¬ 
dition  which  l(*ads  to  the  [production  of  white  flowers.  Let  us  designate 
these  two  ('onditions  by  VV,  and  w,  r('S[pectively,  and  let  us  further  assume 
that  in  each  case  the  g(*n(‘s  aix'  in  ('ac  h  ol  a  [pair  ol  autosomes.  Disre¬ 
garding  the  other  genes  and  (hrcpinosomes  we  designate  the  genetic 
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composition  of  the  cells  of  the  red -flowered  snapdragon  by  VVW,  and 
those  of  the  white-flowering  plant  by  ww. 

When  the  haploid  microspores  are  formed  in  the  pollen  sacs  of  the 
red-flowered  parents,  P,  they  will  contain  only  one  of  a  pair  of  homol-l 
ogous  chromosomes  and  therefore  only  one  of  the  genes.  1  heir  genetic 
composition  will  be  designated  by  W.  The  same  will  be  true  of  the  mega¬ 
spores  formed  in  the  o\'ules  and  they  will  also  have  the  genetic  composi¬ 
tion  W.  Similarly  the  microspores  of  the  white- flowered  plants  will  have 
the  genetic  composition  w  and  the  megasporcs  also  w. 

When  the  two  varieties  are  crossed  and  an  egg  in  the  embryo  sac  of 
a  red-flowered  plant,  P,  is  fertilized  by  the  sperm  nucleus  from  the  pollen 
of  one  of  the  white-flowered  plants,  P,  the  resulting  zygote.  Pi,  will  have 
the  genetic  composition  Ww.  This  zygote  gives  rise  to  a  plant  which  has 
pink  flowers.  Evidently  neither  of  the  two  genes  has  had  matters  all  its 
own  way  and  an  intermediate  color  is  produced.  The  same  result  occurs 
when  an  egg  from  a  white-flowered  plant  is  fertilized  by  a  sperm  nucleus 
from  a  red -flowered  plant. 

The  microspores  formed  by  the  pink-flowered,  Fi,  plants  are  of  two 
kinds,  since  the  two  homologous  chromosomes  separate  during  meiosis 
and  go  with  their  genes  to  dilTcrent  spores.  The  genetic  constitution  of 
these  two  kinds  of  spores  will  be  W  and  w'.  The  megaspores  are  also  of 
the  same  two  kinds,  W  and  w.  Thus  equal  numbers  of  two  kinds  of  fe¬ 
male  gametophytes  or  embryo  sacs  and  equal  numbers  of  two  kinds  of 
male  gametophytes  or  pollen  tubes  are  formed  by  the  Fi  plants.  Either 
kind  of  pollen  tube  may  grow  down  to  either  kind  of  embryo  sac  and 
either  kind  of  egg  has  an  equal  chance  of  being  fertilized  by  either  kind 
of  sperm  nucleus.  Thus  four  different  combinations  are  possible  and 
occur  on  the  average  in  equal  proportions;  a  W  containing  sperm  nucleus 
with  a  W  containing  egg,  giving  rise  to  a  W^V  zygote;  a  W  containing 
sperm  nucleus  with  a  w  containing  egg,  giving  a  Ww  zygote;  a  w  con¬ 
taining  sperm  nucleus  with  a  W  containing  egg,  giving  another  Ww 
zygote;  and  lastly  a  w  containing  sperm  nucleus  with  a  w  containing  egg, 
giving  a  ww  zygote.  It  is  clear  that  in  the  F2  plants  the  WTV  zygotes 
give  rise  to  the  red-flowered,  the  Ww  and  wW  to  the  pink-flowered, 
and  the  ww  to  the  white-flowered  plants.  It  is  also  clear  that  the  genetic 
explanation  calls  for  their  occurrence  in  the  same  proportion  as  was 
found  in  the  experiment. 

Certain  special  terms  are  used  to  define  the  different  kinds  of  individ¬ 
uals  of  the  different  generations  in  the  above  experiment.  The  parents, 
P,  which  breed  true  and  have  the  gene  in  question  in  the  same  condition 
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in  each  chromosome  of  the  homologous  pair  in  which  it  occurs  are  said 
to  be  homozygous.  The  immediate  offspring  of  these  parents,  Fi,  which 
possess  the  gene  in  the  condition  to  produce  red  flowers  in  one  chromo¬ 
some  and  in  the  condition  to  produce  white  flowers  in  the  other  chromo¬ 
some  and  do  not  breed  true  are  said  to  be  heterozygous.  The  second 
generation  of  offspring,  F2,  contains  both  homozygous  and  heterozygous 
individuals. 


Red  Red  Red  White 

Fig.  38:6  Cross  between  a  pure  red-flowered  and  a  pure  white-flowered  pea  plant, 
showing  the  dominance  of  red  flower  color  in  the  Fi.  If  an  Fi  plant  is  self-fertilized,  the 
resulting  F2  generation  is  three-fourths  red-flowered  and  one-fourth  white-flowered.  From 
Sinnott  and  Dunn,  Principles  oj  Genetics^  by  permission  of  the  McGraw-Hill  Book  Com¬ 
pany. 

The  hereditary  characteristics,  red  flowers  and  white  flowers,  are 
pas.scd  from  one  generation  to  another  intact.  Thus  the  red-flowered 
character  of  one  of  the  parents  appears  again  in  the  F2  as  a  red-flowered 
cliaracter  unafTccted  by  the  cross  and  its  disappearance  in  the  Fi.  Such 
characters  arc  called  unit  characters  or  Mendelian  characters  after 
the  name  of  their  discoverer,  Gregor  Mendel.  The  fact  that  the  charac¬ 
ters  re(l-flow(Ted  and  white-flowered,  although  lost  from  sight  in  the  Fi 
gemeration,  reappear  in  separate  individuals  in  the  F2  is  expressed  by 
the  term  segregation. 

In  the  example  c  hosen  the  Fi  individuals  were  unlike  either  parent. 
In  fact  as  far  as  the'  color  of  (heir  flowers  was  concerned,  the  character 
considcTC'd,  they  were  intermediate.  It  is,  on  the  whole,  rather  exceptional 
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for  Mcndclian  characters  to  behave  in  this  manner.  More  usually  the  Fi 
individuals  are  like  one  of  the  parents.  To  illustrate  this  we  may  take  as 
an  example  two  similar  varieties  of  the  pea  plant.  If  a  purebred  red- 
flowered  plant  of  the  pea  be  crossed  with  a  purebred  white-flowered 
plant,  the  Fi  will  all  be  red-flowered  (Fig.  38:6).  If  an  Fi  plant  is  self- 
fertilized  it  will  give  rise  to  red-flowered  and  white-flowered  plants  in 
the  proportion  of  three  to  one.  In  this  case  it  is  clear  that  the  heterozygous 
plants  of  the  Fi  and  F2  generations,  instead  of  being  pink  as  in  the  case  of 
the  snapdragon,  are  red  like  the  purebred  parent.  Thus  in  the  pea,  when 
one  of  the  chromosomes  contains  the  gene  in  the  condition  to  produce 
red  flowers  and  the  other  homologous  chromosome  contains  it  in  the  con¬ 
dition  to  produce  white  flowers,  the  resulting  flowers  are  red.  When  this 
occurs  the  red-flower  character  is  said  to  lx*  dominant,  and  the  white- 
flower  character  recessive.  In  the  pea  plant,  therefore,  red-flower 
character  is  dominant  to  white-flower  character.  In  the  snapdragon  the 
same  characters  show  incomplete  or  partial  dominance. 

It  will  have  become  apparent  that  it  is  not  always  jx)ssible  to  tell  the 
genetic  composition  of  an  individual,  i.e.,  the  condition  of  its  genes 
from  its  appearance.  Individuals  which  appear  alike  but  may  not  have 
the  same  genetic  com|X)sition  arc  said  to  be  of  the  same  phenotype. 
Individuals  which  have  the  same  genetic  compr^sition  arc  said  to  be  of 
the  same  genotype.  Thus  in  the  first  cross  considered,  that  between  a 
red-flowered  and  a  white-flowered  snapdragon,  there  were  two  pheno¬ 
types  among  the  parents,  i.e.,  a  red-flowered  plant  and  a  white-flowered 
plant,  one  phenotype  in  the  Fi,  i.e.,  pink,  and  three  different  phenotypes 
among  the  F2.  In  this  case  the  phenotypes  were  also  genotypes.  In  the 
cross  between  the  red-flowered  and  white-flowered  pea  plants  but  two 
different  phenotypes  appeared  since  the  individuals  which  arc  hetero¬ 
zygous  for  the  two  characters  are  red-flowered  and  exactly  like  the 
homozygous  red-flowered  plants.  There  are,  however,  as  in  the  other 
cross  tliree  genotypes,  plants  homozygous  for  the  red-flowered  character, 
plants  homozygous  for  the  white-flowered  character,  and  plants  hetero¬ 
zygous  for  the  red-flowered  and  white-flowered  characters. 

Characters  which,  like  red-flower  color  and  white-flower  color  in  the 
experiments,  are  alternatives  and  mutually  exclusive  in  their  expression, 
are  said  to  be  allelomorphs  or  alleles.  Allelomorphic  characters  are 
due  to  different  conditions  of  the  same  gene.  The  term  is  also  applied 
to  the  gene.  Thus  the  gene  in  the  condition  to  cause  the  production  of 
red  flowers  is  the  allelomorph  of  the  same  gene  in  the  condition  to  pro¬ 
duce  white  flowers. 
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B.  THE  BACKCROSS 

The  term  backcross  is  applied  to  a  cross  between  one  of  the  Fi  in¬ 
dividuals  and  the  parent  individual  with  the  recessive  character.  Thus 
in  the  case  of  the  snapdragon  this  would  mean  the  crossing  of  a  pink- 
flowered  individual,  heterozygous  for  red-flower  color  and  white-flower 
color,  with  a  white-flowered  individual  homozygous  for  the  white- 
flower  color.  The  result  of  such  a  cross  is  shown  in  the  diagram  (Fig. 
38:7).  The  Fi  of  such  a  cross  contain 
pink-flowered  and  white-flowered  in¬ 
dividuals  in  equal  numbers. 

The  reason  for  this  is  clear  when 
the  genetic  constitution  of  the  in¬ 
dividuals  and  the  distribution  of  the 
genes  to  the  gametes  is  considered.  The 
pink-flowered  individual  being  heter¬ 
ozygous  produces  two  kinds  of  mega- 
spores  and  two  kinds  of  pollen  and, 
therefore,  two  kinds  of  eggs  and  two 
kinds  of  sperms.  In  one  kind  the  gene  is 
in  the  condition  to  produce  red  flowers, 
in  the  other  kind  it  is  in  the  condition 
tending  to  produce  white  flowers.  The 
two  kinds  of  megaspores  occur  in  equal 
profKjrtions  and  (*(jual  numbers  of  the  two  kinds  of  eggs  are  produced. 
In  die  same  way  two  kinds  of  sperm  nuclei  are  formed.  The  white- 
flowcTcd  plant  b(‘ing  homozygous  produces  only  one  kind  of  megaspore 
and  one  kind  of  poWen  and  hence  only  one  kind  of  egg  and  one  kind  of 
s[)erm  niu  leus.  In  thes('  the  gene  is  in  the  condition  tending  to  produce 
while  flovv(‘rs.  Wdu'u  an  egg  from  the  embryo  sac  of  a  pink-flowered 
plant  containing  the  gen(‘  in  the  condition  which  tends  to  produce  red 
flow(TS  is  f(‘r(ili/(‘d  by  a  s|)('rm  nueU'us  from  the  pollen  tube  of  the  white- 
flowered  plant  (he  zy,go((‘  is  heterozygous  and  produces  pink  flowers. 
When  a  similar  (‘gg  containing  the  gene  in  the  condition  tending  to 
produce  whit(‘  flowers  is  (erlili/x'd  by  a  sperm  nucleus  from  a  pollen  tube 
of  the  white-flowered  plant  the  zygote  is  homozygous  and  produces 
white  flowers.  'VUr  sam(‘  ex|)lanalion  applies  when  an  egg  of  the  white- 
flowered  plant  is  fertilized  by  either  of  the  two  kinds  of  sperm  nuclei 
jirodiK'ed  by  tin*  heterozygous  jiink-flowcred  plant. 

d'he  backcross  is  nsc'ful  in  experimental  breeding  because  it  makes 


snapdragon,  upper  left,  is  crossed  with 
its  recessive  (white)  parent,  upper 
right,  and  gives  rise  to  pink-flowering 
and  white-flowering  plants  in  equal 
numbers. 
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possible  the  testing  of  individuals  which  are  alike  as  to  phenotype  but 
which  may  differ  as  to  genotype.  Thus  the  red-flowered  individuals  of 
the  F2  in  the  cross  involving  the  pea  plant  could  be  tested  by  backcrossing 
to  white-flowered  plants,  when  approximately  two  out  of  every  three  of 
these  Fo  would  be  found  to  be  heterozygous  and  produce  white-flowered 
and  red-flowered  plants  in  equal  numbers. 


C  A  CROSS  INVOLVING  FREE  ASSORTMENT 


For  the  sake  of  variety  we  will  choose  our  next  example  from  the 
animal  kingdom.  In  guinea  pigs  rough  hair  is  dominant  to  smooth 

hair  and  black  coat  color  to  white 
coat  color.  If  a  smooth  black  guinea 
pig  is  crossed  with  a  rough  white 
guinea  pig  the  Fi  are  all  rough  and 
black,  these  being  the  two  dominant 
characters  (Fig.  38:8).  When  these 
individuals  are  crossed  the  F2  consist 
of  four  phenotypes  which  occur  in 
the  following  proportions: 


r 


3 


Rough  black 
Rough  white 
Smooth  black 
Smooth  white 


Fig.  38:8  Cross  between  a  smooth, 
black  and  a  rough,  white  guinea  pig. 
The  Fi  are  rough,  black  and  when  in¬ 
terbred  produce  four  kinds  of  offspring 
in  the  proportions:  9  black,  rough,  3 
black,  smooth,  3  white,  rough,  and  1 
white,  smooth,  .\fter  W’.  E.  Casde. 


Fhis  a.ssortment  can  be  explained 
if  the  gene  which  determines  white 
or  black  color  is  in  a  difTerent  chromo¬ 
some  from  the  gene  which  determines 
rough  or  smooth  hair.  According  to 
the  method  of  notation  we  have 


employed,  the  character  rough  and  the  gene  in  the  corresponding  f 
condition  may  be  designated  by  R,  and  the  allelomorphic  character 
smooth  and  the  corresponding  condition  of  the  gene  by  r.  Similarly  B  and  . 
b  may  denote  black  and  white  coat  color  respectively.  The  genetic  compo-  , 
sition  of  the  smooth  black  parent  may  then  be  expressed  as  rrBB,  and  [ 
that  of  the  rough  white  parent  as  RRbb  (Fig.  38:9).  The  gametes  pro¬ 
duced  by  the  smooth  black  guinea  pig  will  be  alike  and  will  contain  one 
chromosome  of  each  of  the  two  pairs.  They  will  be  denoted  by  rB.  The  - 
gametes  of  the  other  parent  will  similarly  be  denoted  by  Rb.  The  Fi  in-  . 
dividuals  which  are  rough  black  and  phenotypically  and  genotypically  ^ 
alike,  have  the  genetic  composition  RrBb.  Each  of  these  Fi  individuals 
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produces  four  kinds  of  gametes  in  equal  proportions,  viz.,  RB,  rB,  Rb, 
and  rb  (Fig.  38.9).  Any  one  of  the  four  kinds  of  gametes  from  one  parent 
has  an  equal  chance  to  unite  with  any  one  of  the  four  kinds  of  gametes 
of  the  other  parent.  Thus  sixteen  combinations  are  equally  probable. 
These  are  shown  in  diagrammatic  form  on  a  checkerboard  with  four 
squares  on  a  side  (Fig.  38:10).  A  study  of  this  diagram  shows  that  in  the 
F2  there  are  nine  different  genotypes,  i.e.,  there  are  nine  different  kinds 


38:9  Behavior  of  the  chromosomes  in  a  cross  between  a  smooth,  black  and  a  rough, 
white  guinea  |)ig.  B,  black  gene;  b,  white  gene;  R,  rough  gene;  r,  smooth  gene. 


of  individuals  wlirn  the  F2  arc  classified  according  to  their  genetic  com¬ 
position.  On  (he  other  hand,  as  the  result  ol  the  experiment  shows,  there 
are  only  four  dilh'rtMU  jjhenotypes,  that  is,  there  are  only  four  different 
kinds  of  individuals  when  the  h’o  are  classil'ied  according  to  their  visible 
charact(‘rs.  d  he  dilh'rt'nt  kinds  of  F2  individuals  are  listed  in  Table  38.1. 
This  table  shows  that  the  proportion  in  which  the  four  phenotypes  occur 
is  9  :  3  :  3  :  1 ,  that  is,  out  of  every  sixteen  individuals  nine  have  both  domi¬ 
nant  ('harac’l (Ts,  in  this  c.as(‘  rough  and  black;  three  have  one  dominant 
eharac  t(‘r  and  one  rec(‘,ssive  character;  and  three  have  the  other  dom- 
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inant  character  and  the  other  recessive  character,  while  only  one  indi* 
vidual  has  both  the  recessive  characters.  It  should  be  remembered  that! 
the  proportions  stated  alx)ve  will  only  be  found  when  there  is  independ-*^ 


Sperm 


tS)J 


RR  BB 

Rr  BB 

RR  Bb 

Rr  Bb 

m- 

Rr  BB 

rr  BB 

Rr  Bb 

rr  Bb 

RR  Bb 

Rr  Bb 

& 
RR  bb 

Rr  bb 

& 
Rr  bb 

Rr  Bb 

rr  Bb 

rr  bb 

Fig.  38:10  Diagram  showing  the  phenotypes  and  genotypes  occurring  in  a  cross  be¬ 
tween  two  guinea  pigs,  both  heterozygous  for  the  characters  rough  and  smooth,  and 
black  and  white. 


ent  or  free  assortment,  i.e.,  when  the  two  genes  involved  are  in  different 
chromosomes. 


TABLE  38:1.  PHENOTYPES  AND  GENOTV^PES  IN  THE  Fj  OF  A  CROSS 
BETWEEN  A  SMOOTH  BLACK  AND  A  ROUGH  WHITE  GUINEA  PIG 


PHENOTYPES 
Rough  black 


NUMBER 

9 


GENOTi’PES 


Smooth  black 
Rough  white 
Smooth  white 


RRBB 

RrBB 

RRBb 

RrBb 

rrBB 

rrBb 

RRbb 

Rrbb 

rrbb 
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Cases  occur  in  which  three  or  more  genes  in  three  or  more  different 
chromosomes  appear  in  a  cross  and  show  the  same  kind  of  independent 
assortment  as  illustrated  in  the  above  example.  Such  cases  can  be 
worked  out  by  the  same  method.  When  three  genes  are  involved  the 
checkerboard  will  contain  eight  squares  on  a  side.  When  four  are  in¬ 
volved  there  will  be  sixteen  squares  on  a  side,  and  so  on. 

Sometimes  what  appears  to  be  a  relatively  simple  character  in  the 
phenotype  involves  a  number  of  genes  and  is  really  the  combination 
of  a  number  of  genetic  factors  then  called  multiple  factors.  This,  for 
example,  has  been  found  to  be  the  case  with  skin  color  in  man.  Investi¬ 
gations  indicate  that  the  dark  color  of  a  “full-blooded  negro”  is  the 
result  of  a  number,  perhaps  five  or  six,  of  partially  dominant  factors, 
which  are  independently  inherited  like  the  characters  rough  and  black 
in  guinea  pigs.  When  a  cross  occurs  between  a  negro  and  a  white  person 
the  genes  become  separated  as  in  the  case  of  the  guinea  pig  so  that 
different  degrees  of  color  occur,  depending  on  the  number  of  dominant 
and  recessive  factors  present.  Thus  the  darkest  individuals  would  occur 
when  all  of  the  factors  were  represented  by  dominants  and  the  lightest 
individuals  (white)  when  all  the  factors  were  represented  by  recessives. 
Both  extremes  would,  however,  be  rare. 


D.  MENDELISM 

The  cxj)crim(Mital  results  described  in  the  two  previous  sections  have 
been  found  (o  apply  to  a  large  number  of  hereditary  characters  in  many 
diffenmt  species  of  j)lan(s  and  animals.  They  may  be  stated  in  the  form 
of  four  prineij)l('s  or  laws  as  lollows: 

(1)  PRINCIPLE  OF  UNIT  CHARACTERS 

This  j)rin('i j)l(‘  ass('rls  that  c('rtain  hereditary  characters,  in  fact  all  the 
her(‘dilary  characK-rs  about  the  transmission  of  which  we  have  certain 
information,  bchaw'  as  units  and  are  passed  from  one  generation  to 
another  as  such. 


(2)  PRINCIPLE  OF  DOMINANCE  AND  RECESSIVENESS 

'I'liis  principle,  illustrntcd  in  (lie  crossings  involving  llie  garden  pea  and 
nin<-a  |.igs,  is  now  known  not  (o  apply  to  all  crosses  or  characters,  as 
Insiralcd  l.y  lh<-  snapdragon.  .Vcording  to  it,  in  a  cross  involving  a 
ominnni  cliar.icl.  r  and  its  recessive  allelomorph,  only  the  dominant 
liai  ac'U'i'  a| )j)(‘ars  in  ( he  I'  i. 
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(3)  PRINCIPLE  OF  SEGREGATION 

This  principle  asserts  that  characters,  like  white  in  the  examples  above, 
may  go  into  a  cross,  disappear  in  the  Fi,  and  appear  in  their  original 
form  in  later  generations,  apparently  unaffected  by  their  submergence. 

(4)  PRINCIPLE  OF  FREE  ASSORTMENT 

According  to  this  principle  certain  characters  such  as  rough  hair  and 
black  coat  color  bchav^e  quite  independently  in  inheritance. 

These  four  principles  were  first  discovered  by  Gregor  Mendel,  an 
Austrian  monk,  as  a  result  of  experiments  on  plants  in  the  garden  of 
his  monastery.  The  experiments  were  begun  in  1857  and  the  results 
published  by  him  in  1866.  The  work  of  Mendel  marks  the  beginning  of 
the  modern  scientific  study  of  heredity.  For  this  reason  the  study  and 
application  of  these  principles  is  often  called  Mendelism.  His  paper 
remained  almost  unnoticed  by  biologists  until  1900,  when  the  great  sig¬ 
nificance  and  wide  application  of  his  results  were  recognized.  Mendel’s 
success  in  discovering  what  are  now  regarded  as  the  fundamental  laws 
of  heredity  was  largely  due  to  his  insight  in  choosing  for  his  experiments 
certain  definite  characters  and  following  them  individually  through 
successive  generations  of  offspring  and  analyzing  the  results. 

E.  LINKAGE  AND  CROSSING  OVER 

Free  assortment,  we  have  shown,  occurs  when  the  genes  concerned 
are  in  different  chromosomes.  When  the  genes  are  in  the  same  chromo¬ 
some  another  phenomenon  called  linkage  occurs.  Let  us  suppose,  for 
example,  that  in  the  cross  involving  a  smooth  black  and  a  rough  white 
guinea  pig  the  gene  which  by  its  condition  determined  whether  the 
individual  was  to  be  smooth  or  rough  was  in  the  same  chromosome  as 
the  gene  which  determined  the  characters  black  and  white.  If  the  genes 
always  stayed  in  this  chromosome  it  is  clear  that  a  smooth  guinea  pig 
would  always  be  black  and  a  white  guinea  pig  would  always  be  rough. 
The  linkage  in  this  case  would  be  complete.  It  has  been  shown  by  breed¬ 
ing  that  there  are  pairs  and  in  some  cases  whole  groups  of  characters 
which,  when  brought  together  in  crosses,  do  not  show  free  assortment 
and  on  the  other  hand  do  not  show  complete  linkage.  This  is  explained 
by  assuming  that  an  interchange  of  corresponding  parts  between  two 
chromosomes  may  occur,  probably  during  or  soon  after  synapsis.  This 
is  called  crossing  over.  Thus  if  two  homologous  chromosomes  contained 
a  series  of  genes,  a,  b,  c,  d,  e,  f,  g,  and  a',  b',  c',  d',  e',  f',  g',  arranged 
along  their  length,  there  might  be  an  interchange  such  that  the  part  of 
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one  containing  c',  d'  was  interchanged  with  the  part  of  the  other  con¬ 
taining  c,  d.  In  this  way  the  genes  which  determined  characters  showing 
linkage  would  be  separated.  There  is  microscopical  evidence  that  in  cer¬ 
tain  cases  crossing  over,  with  its  attendant  separation  of  the  genes,  occurs. 

The  study  of  linkage  combined  with  microscopic  studies  on  chromo¬ 
somes  has  led  to  the  location  of  the  genes  in  the  chromosomes  of  certain 
species,  notably  the  fruit  fly.  Drosophila^  and  the  corn  plant,  mays.  It 
is  beyond  the  scope  of  this  text  to  go  into  the  methods  by  which  such 
locations  of  genes  are  determined.  It  may  be  said,  however,  that  the 
evidence  shows  that  there  is  a  linear  arrangement  of  the  genes  in  the 
chromosomes.  That  is,  the  genes  in  any  one  chromosome  are  arranged 
in  a  series  along  a  line  extending  from  one  end  of  the  chromosome  to 
the  other  end. 


F.  SEX-LINKED  CHARACTERS 

Sexual  characters  or  the  characters  which  distinguish  the  sexes  should 
be  clearly  distinguished  from  sex-linked  characters.  The  sex  of  an  individ¬ 
ual  seems  to  depend  not  on  a  single  gene  or  group  of  genes  but  on  the 
number  of  X-chromosomes  which  its  soma  cells  possess.  Thus  an  individ¬ 
ual  with  two  X-chromosomes  is  a  female,  while  an  individual  vdth  one 
X-chromosomc  is  a  male.  A  sex-linked  character  may  have  little  to  do 
with  any  of  the  characters  which  distinguish  the  sexes  and  may  be  pos¬ 
sessed  by  cither  sex.  A  character  is  called  sex-linked  when  its  gene  is 
carried  in  the  X-chromosomc.  The  inheritance  of  a  sex-linked  character 
docs  not  follow  the  pattern  described  for  the  inheritance  of  a  simple  cross 
involving  a  character  having  its  gene  located  in  an  autosome. 

Let  us  take  first  the  case  of  a  white-eyed  female  crossed  with  a  red-eyed 
male  drosophila  (Fig.  38:11).  The  Fi  females  are  all  red-eyed  while  the 
Fi  males  are  all  white-eyed,  a  condition  exactly  the  opposite  of  that  of 
the  parents.  If  now  one  of  the  red-eyed  Fi  females  is  mated  to  a  white- 
eyed  F,  male  there  will  arise  four  kinds  of  F2  flies  in  equal  proportions, 
viz.,  white-eyed  females,  red-eyed  females,  white-eyed  males,  and  red¬ 
eyed  males. 

The  {‘xplanalion  of  this  is  obtained  by  assuming  that  the  gene  which 
deterinin(‘s  whether  the  eyes  shall  be  red  or  white  is  located  in  the 
X-chroinosom(‘  and  passes  with  it  in  inheritance.  The  white-eyed  female 
parent  roniains  in  each  of  her  cells  two  X-chromosomes  each  of  which 
contains  the  Rcne  in  the  condition  to  produce  white  eyes.  She  is  homo- 
zygons  for  the  recessive  character  and  her  genetic  constitution  may  be 
n-pre,sented  by  ww.  E:ich  of  her  eggs  contains  a  single  X-chromosome 
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and  has  one  gene  in  the  condition  to  produce  white  eyes.  The  red-eyed 
male  parent  has  in  each  of  his  cells  only  a  single  X-chromosome  which 
contains  the  gene  in  the  condition  to  produce  red  eyes.  His  genetic  con¬ 
stitution  may  be  represented  by  W.  The  sperms  which  he  produces  are 
of  two  kinds,  one  kind  contain  the  X-chromosome  and  therefore  the 


Fig.  38:11  Diagram  illustrating  a  cross  between  a  white-eyed  female  and  a  red-eyed 
male  fruit  fly  {Drosophila).  Each  of  the  eggs  contains  the  gene  in  the  condition  to  pro¬ 
duce  white  eyes.  The  sperms  are  of  tw’o  kinds  in  equal  numbers.  One  kind  contain  an 
X-chromosome  and  the  gene  in  the  condition  to  produce  red  eyes.  The  other  kind  contain 
a  Y-chromosome  and  lack  the  gene.  Any  egg  has  an  equal  chance  of  being  fertilized  by  a 
sperm  of  either  kind.  The  female  Fi  are  all  red-eyed  and  heterozygous  for  this  character, 
while  the  male  Fi  are  all  white-eyed  since  the  single  X-chromosome  which  their  cells 
contain  came  from  their  mother  and  contains  the  gene  in  the  condition  to  produce  white 
eyes. 

gene  in  the  condition  to  produce  red  eyes,  and  the  other  kind  contain 
the  Y-chromosome  and  are  without  the  gene  in  question.  When  an  egg 
from  the  female  parent  is  fertilized  by  one  of  the  first  named  kind  of 
sperms,  i.e.,  one  containing  W,  there  results  a  zygote  with  two  X-chro- 
mosomes  in  each  of  its  cells,  one  coming  from  the  mother  and  containing 
the  gene  in  the  condition  to  produce  white  eyes,  and  the  other  coming 
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from  the  father  and  containing  it  in  the  condition  to  produce  red  eyes. 
This  zygote  is  heterozygous,  Ww,  for  the  eye  colors  in  question  but  it  is 
phenotypically  red-eyed.  When,  on  the  other  hand,  an  egg  from  the 
female  parent  is  fertilized  by  a  sperm  containing  a  Y-chromosome,  there 
results  a  zygote  with  one  X-chromosome  and  one  Y-chromosome  in 
each  of  its  cells,  the  X-chromosome  coming  from  the  mother  and  con¬ 
taining  the  gene  in  the  condition  to  produce  white  eyes.  These  individuals 
are  males  and  have  white  eyes. 

Coming  now  to  the  crossing  of  the  Fi  individuals,  the  heterozygous 
red-eyed  females,  Ww,  produce  two  kinds  of  eggs.  In  one  kind  the  gene 
is  in  the  condition  to  produce  red  eyes,  W;  in  the  other  in  the  condition 
to  produce  white  eyes,  w.  The  white-eyed  males  produce  two  kinds  of 
sperms.  In  the  sperms  containing  the  X-chromosome,  the  gene  is  in  the 
condition  to  produce  white  eyes,  w;  in  the  sperms  containing  the  Y-chro¬ 
mosome  it  is  absent.  When  two  of  the  Fi  are  crossed  four  combinations 
are  possible  and  have  an  equal  chance  of  occurring.  An  egg  containing 
the  gene  in  the  condition  to  produce  white  eyes,  w,  when  fertilized  by 
a  sperm  with  an  X-chromosome  containing  the  gene  in  the  condition 
to  produce  white  eyes  gives  rise  to  a  homozygous  white-eyed  female, 
ww.  The  same  kind  of  egg  fertilized  by  a  sperm  with  a  Y-chromosome 
gives  rise  to  a  white-eyed  male,  w.  An  egg  containing  the  gene  in  the 
condition  to  produce  red  eyes,  W,  when  fertilized  by  a  sperm  with  an 
X-chromosome  containing  the  gene  in  the  condition  to  produce  white 
eyes,  w,  gives  rise  to  a  heterozygous  red-eyed  female,  Ww.  A  similar 
egg  when  fertilized  by  a  sperm  containing  a  Y-chromosome  gives  rise 
to  a  red-eyed  male,  W. 

It  has  probably  become  evident  from  the  above  discussion  that  in  the 
case  of  sex-linked  inheritance  the  sons,  since  they  obtain  their  X-chro- 
mosome  from  their  mother,  always  inherit  their  sex-linked  characters 
from  her,  while  the  daughters  which  obtain  one  X-chromosome  from 
each  parent  inherit  their  sex-linked  characters  equally  from  both  parents. 

The  reciprocal  cross,  i.e.,  that  of  a  homozygous  red-eyed  female  with 
a  white-eyed  male  gives  a  different  result  both  in  the  Fi  and  the  F2. 
By  a  method  similar  to  that  used  above  and  the  application  of  the  same 
l^rinciples  the  results  of  such  a  cross  can  be  predicted  and  explained. 

I'his  is  the  subject  of  a  problem  at  the  end  of  this  chapter. 


G.  LETHAL  MUTATIONS 

I  t  is  not  sur|:)rising  that  some  mutations. are  incompatible  with  the  life 
of  tl.i('  individual  which  might  develop.  Such  mutations  are  called  lethal 
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mutations.  It  has  been  found  that  such  mutations  are  more  frequent  in 
their  occurrence  than  visible  mutations.  One  may  ask  how  the  existence 
of  such  mutations  can  be  determined  since  by  definition  an  individual 
with  the  mutation  cannot  sui'vive.  The  method  depends  on  the  use  of 
linkage.  To  take  a  simple  example,  suppose  that  a  lethal  mutation 
occurred  in  the  X-chromosome  of  a  fly  near  the  gene  for  white  eye  and 
therefore  closely  linked  with  it.  Suppose  further  that  the  gene  was  lethal 
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Fig.  38:12  Demonstration  of  a  lethal  mutation.  The  horizontal  lines  between  the  sym¬ 
bols  are  used  to  indicate  that  the  genes  on  the  same  side  of  them  are  in  the  same  chromo¬ 
some.  The  female  parent  is  licterozygous  for  white  eye-color  and  for  the  lethal.  The  male 
parent  is  normal  fur  both  these  characters. 

only  when  homozygous.  Then  if  the  mutation  occurred  in  one  of  the 
eggs  of  a  white-eyed  female,  which  was  fertilized  by  a  red-eyed  male, 
the  offspring  would  be  viable  since  the  lethal  mutation  is  present  only 
in  one  of  the  X-chromosomes.  Now  suppose  that  this  fly  which  would 
be  heterozygous  for  white  eye  and  the  lethal  mutation  is  mated  to  a 
normal  red-eyed  fly.  The  expectation  from  such  a  cross  would  be  approx¬ 
imately  50  per  cent  red-eyed  females,  25  per  cent  red-eyed  males,  and 
25  per  cent  white-eyed  males  were  it  not  for  the  presence  of  the  lethal 
mutation  (Fig.  38:12).  Since  the  white-eyed  males  would  contain  the 
lethal  mutation  without  its  normal  allelomorph  these  flies  do  not  appear 
and  the  lethal  mutation  is  demonstrated. 

5.  SOME  MENDELIAN  CHARACTERS 

Thousands  of  hereditary  characters  have  been  followed  in  breeding 
experiments  or  in  recorded  pedigrees  and  found  to  conform  to  Mendel’s 
laws.  Table  38:2  gives  a  few  examples.  It  will  be  noticed  that  the  normal 
allelomorph,  whichds  the  character  usually  found  in  the  wild  animal  or 
plant,  or  the  character  usually  present  in  the  common  cultivated  variety. 
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is  usually,  but  not  always,  dominant.  A  character  such  as  the  color  of 
the  flowers  may  behave  in  one  way  in  one  species  of  plant  and  in  another 
way  in  a  different  species.  There  is  no  way  known  of  predicting  how  a 
given  new  character  will  behave  in  a  cross  until  it  has  been  bred. 


TABLE  38:2.  SOME  MENDELIAN  CHARACTERS 


ORGANISM 

DOMINANT  OR  PARTIALLY 
DOMLNANT  CHARACTER 

RECESSIVE  CHARACTER 

Garden  pea 

Red  flowers 

White  flowers 

Yellow  seeds 

Green  seeds 

Smooth  seeds 

Wrinkled  seeds 

Snapdragon 

Red  flowers 

White  flowers 

Indian  corn 

Yellow  endosperm  in  seed 

White  endosperm  in  seed 

Starchy  endosperm 

Sweet  endosperm 

Fruit  fly  {Drosophila) 

Gray  body 

Ebony  body 

Long  wings 

Vestigial  wings 

Guinea  pig 

Rough  coat 

Smooth  coat 

Black  coat 

White  coat 

Short  hair 

Long  hair 

6.  KINDS  OF 

CHANGES  IN  THE  GERM  PLASM 

A.  CHANGES  INVOLVING  ENTIRE  CHROMOSOMES 


According  to  our  definition  a  mutation  is  a  character  which  arises 
suddenly  and  behaves  as  a  unit  character  in  heredity.  So  far  we  have 
discussed  only  gene  mutations,  i.e.,  mutations  due  to  changes  in  a 
single  gene.  Other  changes  are  known  to  occur  in  the  germ  plasm 
(Fig.  38:13). 

POLYPLOIDY.  In  most  species  of  plants  and  animals  the  nuclei  of  normal 
individuals  contain  the  diploid  or  2n  assortment  of  chromosomes.  Not 
infrequently  in  j)lants,  more  rarely  in  animals,  individuals  are  observed 
the  nuclei  of  which  contain  in  addition  to  the  diploid  set  of  chromosomes 
one  or  more  entire  haploid  sets.  When  there  is  one  additional  haploid 
set  of  chromosomes,  the  nuclei  having  then  the  3n  chromosome  condition, 
the  individual  is  called  a  triploid.  When  two  complete  haploid  groups 
of  chromosomes  are  added,  giving  a  nucleus  with  a  An  assortment  of 
chromosomes,  the  individual  is  called  a  tetraploid.  Tetraploid  indi¬ 
viduals  ar(‘  usually  larger  and  have  larger  cells  and  larger  nuclei  than 
normal  (lij)loid  individuals.  Higher  multiples  of  the  normal  2n  condition 
may  occur  and  individuals  with  the  Gn  and  even  8^  condition  have  been 
obscrv('(l.  Such  individuals  are  called  polyploids.  In  some  cases,  the 
(liflcrcnccs  b(‘(w(‘(‘n  alli(‘d  spc'cies  seem  to  depend,  at  least  in  part,  on 
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a  multiplication  of  chromosome  groups.  Thus  species  of  wheat  are  known 
in  which  the  numbers  of  chromosomes  in  the  gametophyte  (haploid) 
generations  are  7,  14,  and  21  respectively,  coiTesponding  to  14,  28,  and 
42  for  the  sporophyte  (diploid)  generation. 


Diploid  cell 


PLOIDY 


Haploid  cell 


Hoplo-IV 


Triploid  cell 

Tetraploid  cell 

VlV 

Tripio-  IV 

Triplo-X 

Port  of  one 
X-chromosome 
lacking 


Port  of  one 
X-chromosome 
transferred  to 
other  X-chromosome 


Part  of  chromosome 
reversed  in  position 
with  respect  to  rest 
of  chromosome 


Fig.  38:13  Types  of  chromosome  changes  giving  rise  to  mutations.  The  portion  of  a 
normal  X-chromosome  is  redrawn  after  Painter  in  the  Journal  of  Heredity  by  permission. 


More  rarely  there  are  animals,  and  plants  in  the  sporophyte  genera¬ 
tion,  the  nuclei  of  which  contain  only  the  haploid  {n)  chromosome  assort¬ 
ment.  Such  individuals  are  called  haploids.  This  happens  normally  in 
the  case  of  the  male  bee  or  drone.  Such  individuals  carry  only  a  single 
set  of  genes  which  they  usually  transmit  intact  in  their  eggs  or  sperms. 

HETEROPLOIDY.  In  place  of  a  whole  set  of  chromosomes,  a  single 
chromosome  or  a  part  of  a  set  may  be  added  to  or  subtracted  from  the 
normal  diploid  assortment.  This  condition  is  called  lieteroploidy.  It  is 
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caused  by  the  failure  of  homologous  chromosomes  to  separate  in  reduc¬ 
tion.  This  failure  to  separate  is  called  non  disjunction.  The  occurrence 
of  a  certain  type  of  individual  in  breeding  experiments  in  the  fruit  fly, 
Drosophila^  v/ere  believed  to  indicate  nondisjunction  of  the  X-chromo- 
some.  Cytological  examination  of  these  individuals  confirmed  the 
hypothesis  and  at  the  same  time  provided  one  of  the  most  convincing 
proofs  that  the  chromosomes  are  the  bearers  of  hereditary  characters. 
Normally,  as  described  in  the  section  on  sex-linked  characters,  when  a 
white-eyed  female  drosophila  is  mated  to  a  red-eyed  male  the  offspring 
of  the  first  generation  consist  of  equal  numbers  of  red-eyed  females  and 
white-eyed  males,  since  the  gene  for  this  eye  color  is  carried  in  the 
X-chromosome  and  the  males  get  their  single  X-chromosome  from  their 
white-eyed  mothers  and  the  daughters  get  one  of  their  X-chromosomes 
from  their  fathers  and  this  X-chromosome  has  the  gene  in  dominant 
condition  which  produces  red-eyes.  However,  very  rarely  an  “excep¬ 
tional”  red-eyed  son  or  white-eyed  daughter  occurs.  This  is  explained 
if,  during  the  maturation  process  in  the  mother,  two  X-chromosomes 
stayed  together  giving  rise  to  an  egg  which  contained  either  two  X-chro¬ 
mosomes  or  no  X-chromosome.  When  an  egg  containing  two  X-chromo¬ 
somes  is  fertilized  by  a  sperm  containing  a  Y-chromosome,  the  resulting 
female,  which  has  the  formula  XXY,  is  white-eyed  because  she  got  both 
her  X-chromosomes  from  her  white-eyed  mother.  When  an  egg  con¬ 
taining  no  X-chromosome  is  fertilized  by  a  sperm  containing  an  X-chro- 
mosomc  the  resulting  individual  which  has  the  formula  X  is  a  male  and 
red-eyed  because  he  got  his  chromosome  from  his  father  instead  of,  as 
would  normally  occur,  from  his  mother. 


B.  CHANGES  WITHIN  THE  CHROMOSOMES  NOT  INVOLVING 
CHANGES  IN  THE  INDIVIDUAL  GENES 

DEFICIENCY.  A  chromosome  may  become  broken  and  a  part  lost.  This 
gives  rise  to  what  is  known  as  a  deficiency,  in  which  one  gene  or  a  group 
of  genes  are  absent  from  the  chromosome  in  question.  An  example  is 
found  in  the  mutation  called  Notch  in  Drosophila.  This  mutation  is  not 
due  to  a  chang(‘  in  a  gene  but  to  a  deficiency  in  the  X-chromosome  which 
involves  a  number  ol  genes. 

TRANSLOCATION.  In  place  of  a  part  of  a  chromosome  being  lost, 
(lie  |)ar(  may  be  Inmsrcrrcd  and  become  attached  to  another  chromosome 
in  die  same  nu(  leas.  'I'his  is  known  as  translocation.  A  translocation  may 
lake  i.laei-  in  (lie  lorm  of  a  reciprocal  exchange  of  parts  between  two 
nonbomologous  eliromosomes  (not  to  be  confused  with  the  reciprocal 
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change  between  homologous  chromosomes  which  occurs  in  crossing  |i 
over),  or  the  part  may  become  attached  to  another  intact  chromosome,  t 

INVERSI  ON.  This  occurs  when  a  chromosome  is  broken  and  the  parts  j 
come  together  again  so  that  the  ends  are  inverted.  In  this  case  the  order  ; 
in  which  the  genes  are  arranged  in  the  chromosome  is  changed.  Such  j 
a  condition  gives  rise  to  changes  in  crossing  over.  i 

C.  CHANCES  IN  THE  GENES  | 

Probably  the  most  important  changes  in  the  germ  plasm  are  those  i 
which  occur  within  the  genes.  Such  changes  are  called  gene-mutations.  I 
They  produce  alleles  or  allelomorphic  genes.  Since  many  genes  can  : 
change  in  more  than  one  way  multiple  alleles  are  produced.  Thus  in  I 
Drosophila  there  is  a  series  of  allelomorphic  eye-colors  determined  by  j 
a  series  of  multiple  alleles.  Multiple  alleles  are  not  to  be  confused  with 
multiple  factors  which  arc  represented  by  difTercnt  genes  and  can  co-  | 
exist  in  an  individual.  Although  such  changes  have  been  frequently 
demonstrated  in  breeding  experiments,  the  study  of  the  nucleus  and  its 
contained  chromosomes  has  so  far  not  yet  reached  the  stage  when  in¬ 
dividual  genes  can  be  identified  under  the  microscope.  It  is,  therefore, 
as  yet  not  possible  to  describe  even  in  the  most  general  terms  the  actual 
changes  which  occur  in  the  gene. 

7.  MUTATION,  NATURAL  AND  ARTIFICIAL 

A.  NATURAL  MUTATIONS 

Practically,  new  mutations  come  to  light  very  seldom.  In  the  very 
intensive  study  of  the  fruit  fly.  Drosophila^  some  25,000,000  or  30,000,000 
individuals  have  been  examined  critically  and  about  500  gene  mutations 
have  been  identified.  Undoubtedly  many  mutations  escaped  observa¬ 
tion,  probably  a  greater  number  than  were  actually  observed.  The  rate 
for  certain  individual  mutations  has  been  determined  approximately. 
Thus  for  the  mutation  from  the  normal  red  eye  color  to  white  eye  color 
the  rate  is  about  1  per  1,000,000,  which  means  that  the  mutation  occurs 
on  the  average  in  one  out  of  every  million  germ  cells.  This  and  many 
other  mutations  have  occurred  over  and  over  again.  This  would  seem  to 
indicate  that  although  multiple  alleles  do  occur  any  individual  gene  can 
undergo  at  most  only  a  few  different  mutations. 

B.  MUTATIONS  ARTIFICIALLY  PRODUCED 

The  first  changes  in  the  germ  plasm  to  be  produced  artificially, 
propagated  by  experimental  brewing,  and  analyzed  as  to  their  nature 
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were  obtained  in  1920  by  the  author^  by  the  use  of  X  rays.  When  female 
drosophila  were  treated  with  certain  doses  of  X  rays  it  was  found  that 
the  proportion  of  exceptional  sons  and  daughters,  arising  by  nondis¬ 
junction  of  the  X-chromosomes  in  the  eggs,  was  greatly  increased.  The 
exceptional  daughters  showed  that  their  genetic  formula  was  XXY  by, 
themselves,  producing  exceptional  daughters  and  sons.  Thus  the  chro¬ 
mosomal  mutation,  induced  by  the  X  rays,  was  proved  to  be  passed  from 
parent  to  offspring  and  the  mechanism  of  its  transfer  explained. 

Several  years  later  evidence  of  the  production  of  gene  mutations  by 
X-ray  treatment  was  obtained  by  other  investigators.^  At  the  time  of 
writing  it  may  be  said  that  all  of  the  different  types  of  changes  in  the 
germ  plasm  enumerated  in  the  previous  section  have  been  obtained  by 
X-ray  treatment  of  the  germ  cells. 

The  mutations  produced  by  X  rays  appear  to  be  identical  with  the 
same  mutations  when  they  occur  naturally.  There  is  no  reason  to  believe 
that  any  mutations  have  been  obtained  as  a  result  of  X-ray  treatment 
which  do  not  occur  naturally.  The  effect  of  the  X-ray  treatment  is, 
therefore,  not  to  produce  a  specific  kind  of  mutation  but  rather  to  speed 
up  the  process  in  general.  X-ray  treatment  does  not,  therefore,  seem  likely 
to  provide  a  method  of  producing  favorable  rather  than  unfavorable 
mutations,  although  a  few  useful  mutations  have  resulted  from  X-ray 
treatment. 

The  artificial  production  of  heritable  changes  in  the  germ  plasm  by 
X  rays  or  other  physical  or  chemical  agencies  should  not  be  confused 
with  the  inheritance  of  acquired  characters.  In  the  case  of  X-ray  treat¬ 
ment  the  germ  cells  are  directly  exposed  to  the  treatment  and  there  is 
no  reason  to  assume  that  soma  cells  are  involved. 


8.  HEREDITY  AND  AGRICULTURE 


It  must  be  admitted  that  most  of  the  important  and  common  varieties 
Df  plants  and  animals  used  in  agriculture  were  established  long  before 
the  modern  science  of  heredity,  as  outlined  in  this  chapter,  came  into 
existence.  'I'Ik-  early  agriculturists  and  to  a  very  large  extent  farmers  all 
over  (he  world  today  endeavor  to  improve  their  stock  and  their  yield  in 
two  ways.  (1)  by  improving  the  soil,  by  irrigation,  and,  in  the  case  ol 
animals,  by  giving  them  better  food  and  providing  better  living  con- 


,y  X  7/«  7, mm/  of  /ixformu-n/nl  J'olof-y,  Vol.  39,  No.  2,  April,  1924^ 
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ditions  —  in  a  word,  by  improving  the  environment.  (2)  By  improving 
the  stock,  be  it  plants  or  animals,  by  selecting  for  breeding  only  the  best 
individuals.  It  has  long  been  recognized  that  improvements  in  the  en¬ 
vironment,  while  increasing  to  some  extent  the  yield,  arc  limited  in  their 
cfTcct  and  that  for  continuous  improvement  or  even  for  the  maintenance 
of  the  yield,  it  is  necessary'  to  use  selected  stock  for  breeding.  The  method 
of  selection  has  been  applied  to  the  breeding  of  liv'cstock  from  the  earliest 
times  and  has  led  in  more  recent  times  to  the  recording  of  pedigrees  such 
as  those  of  famous  breeds  of  cattle  and  race  horses.  I'hc  results  of  selec¬ 
tive  breeding  provide  an  irrefutable  argument  for  the  potent  influence  of 
heredity. 

The  modern  science  of  heredity,  with  its  insistence  on  the  genetic  [I 
analysis  of  individuals,  has  led  to  the  development  of  more  precise  and|| 
efficient  methods  for  the  improvement  of  stocks.  One  or  two  examples  If 
must  suffice.  The  importance  of  wheat  as  a  food  has  already  lx:en  stressed.  It 
fhcrc  are  a  number  of  characteristics  which  a  good  variety  of  wheat 
should  possess.  One  of  the  first  to  apply  genetic  principles  to  this  problem 
was  Biffin  in  England.  He  found  that  in  a  number  of  cases  the  desirable 
characteristics  behaved  as  unit  characters  and  in  their  inheritance 
obeyed  Mendel’s  laws.  By  crossing  different  varieties  he  was  able  to 
produce  a  variety  having  the  good  qualities  of  a  number  of  different 
varieties.  Thus  into  his  new  variety  he  introduced  the  high  yield  of  an 
English  variety,  the  good  bread-baking  quality  of  the  Red  Fife  variety, 
the  resistance  to  yellow  rust  of  the  American  Club,  the  resistance  to 
mildew  of  Black  Persian,  and  early  ripening  from  a  Chinese  variety. 
Since  Biffin’s  work  similar  results  have  been  obtained  with  other  cereals. 

In  the  case  of  chickens  an  important  feature  is  egg  laying.  A  good 
layer  begins  early,  lays  steadily,  and  continues  late,  and  is  seldom 
broody.  These  elements  have  been  found  to  be  inherited  as  unit  charac¬ 
ters.  It  is  therefore  possible  to  combine  in  one  breed  the  good  qualities 
of  different  breeds.  This  has  been  done  at  the  Massachusetts  Experiment 
Station.  The  same  sort  of  experimental  breeding  is  being  carried  out  on 
cattle  with  regard  to  the  production  of  milk. 

9.  HEREDITY  IN  MAN 
A.  IDENTICAL  TWINS 

Human  beings  vary  greatly  in  all  their  characteristics.  The  shape  and 
structure  of  the  body,  physiological  and  mental  activities  differ  to  such 
an  extent  that  no  two  persons  are  alike.  The  greatest  resemblance  be¬ 
tween  individuals  is  found  in  the  case  of  so-called  identical  twins.  Such  i 
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individuals  arise  from  a  single  fertilized  egg  which  accidentally  became 
divided  into  two  parts  at  an  early  stage,  perhaps  as  early  as  the  two-celled 
stage.  Since  identical  twins  come  from  a  single  egg,  each  twin  has  the 
same  set  of  genes  and  all  of  them  are  in  the  condition  to  produce  the  same 
:haracteristics.  Identical  twins  are  always  of  the  same  sex. 

Identical  twins,  which  have  been  separated  early  in  life  and  reared 
apart,  offer  an  opportunity  to  determine  which  characters  are  due  to 
leredity  and  which  to  environment.  A  number  of  pairs  of  identical 
twins  have  been  carefully  studied.  Such  studies  show  that  the  individuals 
"emain  very  much  alike  even  when  they  have  grown  up  in  quite  different 
environments.  In  other  words,  in  so  far  as  the  determination  of  the 
Dhysical  characters  by  which  the  individuals  are  recognized  are  con- 
eerned,  heredity  has  more  effect  than  environment.  Intelligence  tests 
lave  been  carried  out  on  a  case  of  identical  twins  who  were  separated 
it  the  age  of  eight  months  and  had  been  together  an  aggregate  of  ten 
nonths  up  to  the  time  of  testing.  One  was  trained  in  a  business  college 
ind  has  held  numerous  secretarial  positions;  the  other  has  been  a  teacher, 
s  married,  and  has  one  child.  The  intelligence  tests  show  remarkably 
dose  ratings.  However,  tests  calculated  to  determine  will  power,  emo- 
:ion,  social  qualities,  and  the  like  show  considerable  differences,  indicat- 
ng  that  these  qualities  were  affected  by  the  differences  in  training  and 
environment.  Other  tests  of  twins  who  appeared  to  be  physically  identical 
lavc  not  shown  the  same  identity  in  mental  tests.  Definite  conclusions 
“cgarding  the  effects  of  environment  and  training  on  the  mentality  of 
dentical  twins  must  await  further  data  and  studies.  However,  it  can  be 
5aid  that  individuals  who  arc  so  much  alike  in  early  childhood  as  to  be 
abclcd  “identical  twins”  remain  alike  throughout  life  even  when  they 
ivc  in  different  environments,  which  shows  that  the  characters  by  which 
ivc  differentiate  ]:)eoplc  arc  determined  mainly  by  heredity. 


B.  MENDELIAN  CHARACTERS  IN  MAN 


Our  knowledge  of  Mendelian  or  other  possible  hereditary  characters 
n  man  is,  for  ol  wious  reasons,  based  almost  entirely  on  a  study  of  pedi- 
;rees  or  gcmcalogical  lre(‘S.  It  is  often,  one  might  say  usually,  difficult  to 
)btaln  the  accurate*  information  required  to  construct  such  trees.  Usually 
)nly  v(‘ry  striking  or  jx'culiar  characteristics  can  be  traced  through  a 
iiunlxT  of  K<'ncr.ilioiis.  I  lotK'<'  a  list  of  the  known  Mendelian  eharaeters 
n  man  eontains  a  larse  numl)erof  pronounced  abnormalities  or  peculiar 
:liaraelers.  'I'here  is  no  reason,  however,  to  conclude  that  only  such 
har  icti  rs,  or  mainly  such  eharaeters,  are  inherited.  Indeed  there  is 
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reason  to  believe  that  the  vast  majority  of  characters  and  traits  which 
are  associated  with  family  likeness  are  inherited  and  that  their  inherit¬ 
ance  conforms  to  Mendel’s  laws. 

In  attempting  to  appraise  our  present  knowledge  of  human  heredity, 
consideration  must  be  given  to  the  difficulites  and  handicaps  geneticists 
are  under  in  studying  inheritance  in  man.  It  is  only  very  rarely  that  the 
investigator  has  an  opportunity  to  observe  more  than  three  generations 
and  he  is  fortunate  if  he  is  able  to  obscr\'e  two  generations.  Beyond  this 
he  must  depend  largely  upon  tradition,  since  personal  characters  are 
seldom  made  a  matter  of  written  record.  Many  characters  about  which 
we  would  like  information  arc  difficult  to  describe.  The  making  of  com¬ 
prehensive  genealogical  trees,  the  only  method  by  which  the  inheritance 
of  human  traits  can  be  studied,  is  therefore  attended  with  great  difficulty. 
Many  inherited  characters  depend  on  environmental  conditions  for 
their  expression;  for  example,  susceptibility  to  a  disease  can  be  deter¬ 
mined  only  by  exposure  to  the  disease,  a  particular  kind  of  ability  can 
be  demonstrated  only  when  there  has  been  an  opportunity  for  its  exercise. 
Certain  characters  appear  only  in  the  adult  or  later  life  and  so  can  be 
determined  only  for  those  children  who  live  to  that  age.  Many  traits 
may  appear  in  so  inconspicuous  a  form  that  they  pass  unobserved. 
Similar  traits  may  be  due  to  dilTerent  hereditary^  factors.  Many  traits 
arc  undoubtedly  due  to  the  interaction  of  a  number  of  genes.  The  in¬ 
vestigator  has  no  opportunity  to  test  his  conclusions  by  experimental 
breeding  as  is  done  in  the  case  of  animals,  but  must  simply  search  for 
more  data  for  comparison  with  that  already  obtained. 

Only  in  special  cases  can  information  of  much  value  be  given  regard¬ 
ing  the  desirability  or  undesirability  of  any  particular  human  mating. 
Few  families  have  either  accurate  or  extensive  genealogical  trees  and 
even  when  such  are  on  record  there  is  always  a  tendency  to  ignore  “the 
skeleton  in  the  closet.”  Certain  general  considerations  may,  how^ever, 
be  discussed. 

Consanguineous  marriages  are  marriages  between  persons  of  near  kin. 
There  is  a  general  belief  that  such  marriages  are  inadvisable  and  such 
unions  have  been  the  basis  of  taboos  among  many  primitive  and  civilized 
races.  The  biological  principle  involved  is  quite  clear.  If  there  is  an 
hereditary  defect  in  the  family,  particularly  one  which  behaves  as  a 
recessive  character,  there  is  a  considerable  chance  that  both  partners, 
although  not  showing  the  trait,  may  be  heterozygous  for  it  and  therefore 
that  one  fourth  of  their  children,  being  homozygous  for  the  trait,  will 
show  the  defect.  The  principle  applies  equally  well  to  valuable  traits 
since  if  the  parents  are  related  they  are  more  likely  to  both  have  the 
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trait  and  to  pass  it  on  to  their  children.  Thus  the  important  question  is 
not  whether  the  parents  are  blood  relations  but  whether  the  genealogical 
tree  shows  any  recessive  hereditary  defects.  Many  famous  men  and 
women  have  been  the  offspring  of  consanguineous  marriages. 

There  seems  little  doubt  that  mental  traits  are  inherited  according  to 
the  principles  oudined  for  purely  physical  traits.  Nevertheless,  it  is 
difficult  to  give  examples.  The  diagnosis  and  description  of  mental 
traits  is  attended  with  great  difficulty.  In  addition,  what  we  are  apt  to 
regard  as  simple  mental  traits  are  in  reality  often  due  to  the  interaction 
of  a  number  of  different  traits.  Many  genealogical  trees  point  to  the 
inheritance  of  general  mental  ability,  musical  ability,  artistic  ability, 
and  literary  ability ;  but  the  exact  mode  of  inheritance  of  these  abilities 
is  far  from  clear.  A  noted  authority  states:  ‘Tn  no  other  groups  of  diseases 
is  heredity  so  conspicuous  among  causes  as  it  is  in  the  case  of  mental 
disorders,  but  at  the  same  time  there  is  no  other  field  in  which  the  study 
of  heredity  is  so  difficult.  For,  to  begin  with,  specialists  are  far  from 
being  agreed  as  yet  upon  the  classification  and  delimitation  of  the  heredi¬ 
tary  diseases  of  the  mind.  We  need  hardly  be  surprised,  therefore,  that 
in  scarcely  one  of  these  diseases  has  the  hereditary  cause  been  satisfacto¬ 
rily  established.  Only  this  much  is  certain,  that  heredity  is  the  outstand¬ 
ing  cause  of  mental  disorders.” 

10.  HEREDITY  AND  SOCIETY 

Among  the  individuals  of  a  wild  species  there  is  constant  competition 
for  food  and  shelter.  A  multitude  of  enemies,  seen  and  unseen,  contest 
with  each  its  existence.  The  result  of  this  is  that  only  the  fittest  survive 
and  pass  on  their  hereditary  characters.  One  of  the  chief  objects  of 
civilization  is  to  abolish  or  limit  individual  competition  by  cooperative 
effort  and  to  rout  seen  or  unseen  enemies  by  the  collective  power  and 
knowledge  of  the  group.  The  aim  of  democracy  is  to  give  to  each  individ¬ 
ual  equal  opportunity  for  the  exercise  of  all  human  functions,  including 
that  of  marriage  and  reproduction.  This  has  led  to  a  condition  in  which 
not  only  do  th(‘  unfit  [)ropagatc  their  kind,  but  the  less  fit  and  shiftless 
have  largcT  families  than  the  more  provident  and  able  portions  of  the 
|)0[)uIations.  Tor  example  “lamilics  which  send  a  child  to  the  state  home 
for  feebleminded  in  California  were  found  to  average  at  least  half  again 
as  large  as  those  that  send  a  child  to  the  state  university.” 

TTic  success  of  cxi)crimental  breeding  in  developing  useful  varieties  of 
animals  and  plants  has  suggested  to  social  philosophers  its  application 
to  the  human  race.  There  arc,  however,  certain  important  differences 
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between  the  problem  of  the  agriculturist  and  that  of  society.  First,  the 
breeder  has  in  mind  certain  definite  characters  which  he  wishes  his 
animals  or  plants  to  possess,  such  as  beef  production,  egg  production, 
speed,  or  crop  yield.  Who  except  a  nationalist  dictator  would  undertake 
to  prescribe  the  characters  which  a  member  of  the  human  race  should 
possess?  Second,  the  breeder  is  master  of  his  herd  and  can  make  his  mat-i 
ings  unrestrained  by  any  considerations  of  ethics,  politics,  or  the  happi-i 
ness  of  the  individuals  concerned.  Third,  the  breeder  has  already  or  can 
obtain  by  experimental  breeding  a  knowledge  of  exactly  how  the  charac¬ 
ters  he  is  concerned  with  behave  in  heredity. 

Although  these  conclusions  make  it  evident  that  the  question  of  the 
creation  of  a  superior  human  race  must  be  relegated  to  the  realm  of 
speculation,  the  social  importance  of  heredity  cannot  be  denied.  The 
following  facts  have  been  amply  demonstrated :  First,  what  any  individual 
becomes  depends  partly  on  his  environment  and  partly  on  his  heredity. 
Second,  many  undesirable  and  also  many  desirable  human  traits  are 
inherited  and  in  a  few  cases  the  mode  of  inheritance  is  known. 

An  example  of  the  effect  of  the  environment  on  a  social  group  is  given 
below.  In  Norway  careful  records  are  kept  of  the  height  and  weight  of 
school  children.  The  table  (Table  38:3)  is  compiled  from  measurements 
made  in  1920  and  1930  in  the  same  schools  and  of  children  of  the  same 
ages.  When  the  heights  and  weights  of  children  of  the  same  age  and  sex 
are  compared  the  difference  is  striking;  for  example  the  average  weight 
of  a  fourteen-year-old  boy  in  1930  was  4.1  kilograms  (approximately 
8  pounds)  more  than  that  of  the  average  boy  of  the  same  age  in  1920. 
As  it  is  very  unlikely  that  there  was  any  change  in  the  hereditary  charac¬ 
teristics  of  the  children  sent  to  the  schools  in  the  different  years  it  seems 
clear  that  the  increased  height  and  weight  must  have  been  due  to  im¬ 
provements  in  the  environment,  including  nutrition,  which  are  known  to 

TABLE  38:3.  THE  AVERAGE  HEIGHT  AND  WEIGHT  OF  SCHOOL 
CHILDREN  IN  NORWEGIAN  SCHOOLS  IN  1920  AND  1930  ^ 


AGE 

SEX 

HEIGHT 

LN  CM 

INCREASE 

WEIGHT 

IN  KG 

INCREASE 

1920 

1930 

1920 

1930 

10 

Boys 

130.9 

135.1 

4.2 

27.6 

29.9 

2.3 

Girls 

130.0 

134.6 

4.6 

27.0 

29.8 

2.8 

14 

Boys 

148.2 

153.1 

4.9 

38.5 

42.6 

4.1 

Girls 

150.6 

154.9 

4.3 

41.8 

45.5 

4.3 

18 

Boys 

173.6 

176.1 

2.5 

62.3 

64.3 

2.0 

Girls 

161.6 

164.7 

3.1 

52.9 

56.9 

4.0 

^  Simplified  from  Otto  L.  Mohr,  Heredity  and  Disease,  W.  W.  Norton  &  Company,  Inc., 
New  York,  1934. 


Art.  10  HEREDITY  AND  SOCIETY 


745 


have  occurred  during  that  time.  The  responsibility  of  society  in  this 
regard  is,  therefore,  clear.  Once  a  child  is  born  every  efifort  should  be 
made  to  provide  for  it  a  suitable  environment. 

With  regard  to  heredity  the  problem  is  more  difficult.  Undesirable 
and  desirable  characteristics  occur  in  the  same  individual  —  Napoleon 
and  Caesar  were  epileptics  —  and  no  method  is  available  to  separate 
the  desirable  characters  from  the  undesirable  as  can  be  done  in  animal 
and  plant  breeding.  Certain  characters,  however,  so  handicap  the  in¬ 
dividual  that  they  would  seem  to  outweigh  any  good  characters  which  he 
might  possess.  An  example  is  feeble-mindedness.  There  are  various 
grades  of  feeble-mindedness  and  not  all  types  are  inherited.  Studies  of 
the  inheritance  of  feeble-mindedness  have  shown  that  in  a  few  cases 
feeble-mindedness  behaves  as  a  Mendelian  recessive.  The  number  of 
feeble-minded  in  the  United  States  is  variously  estimated  at  from  three 
hundred  thousand  to  five  hundred  thousand.  Only  a  small  percentage 
of  these,  perhaps  10  per  cent,  are  in  the  care  of  the  various  states.  One 
obvious  remedial  measure  is  to  prevent  the  reproduction  of  the  feeble¬ 
minded.  This  can  be  and  is  to  some  extent  done  in  the  case  of  those  in 
state  institutions.  But  even  if  it  were  possible  to  prevent  the  reproduc¬ 
tion  of  every  feeble-minded  individual,  the  problem  would  be  far  from 
solved.  Feeble-mindedness  being  a  recessive  character  can  be  carried 
in  the  heterozygous  condition  by  a  normal  person  and  in  this  condition 
may  pass  through  a  number  of  generations  if  the  heterozygous  carriers 
always  marry  normal  individuals.  The  same  difficulty  presents  itself 
in  all  attempts  to  eradicate  undesirable  recessive  characters  from  the 
human  race. 

The  problem  is  simpler  in  the  case  of  dominant  characters.  In  this 
case  the  character  appears  in  the  heterozygous  as  well  as  in  the  homo¬ 
zygous  individuals,  d  hcrefore  the  character  can  be  transmitted  only  by 
those  individuals  who  show  the  character  and  if  they  have  no  children 

the  character  will  die  out.  ^  u  r 

The  improvement  of  the  human  race  by  increasing  the  number  ot 
gifted  and  physically  fit  individuals  is  another  important  aspect  of  the 
problem.  It  seems  unlikely  that  this  will  become,  at  least  in  t^ejiear 
future,  the  subject  of  collective  action.  Responsibility  rests  with  the 
individual  who' possesses  the  desirable  characters:  they  are  in  his  trust. 
It  is  the  duty  of  ev('ry  man  and  woman  who  contemplates  marriage  to 
obtnin  all  the  information  possible  regarding  the  heredity  of  each  an 

lo  mu  ac<cr<li,iKly.  'l  l'is 

fulure  geiK'ration  but  for  their  own  happiness. 
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1 .  Why  is  heredity  concerned  mainly  with  the  offspring  of  sexual  reproduction? 

2.  Classify  variations. 

3.  Discuss,  using  examples,  the  relation  between  heredity  and  environment. 

4.  Are  acquired  characters  inherited? 

5.  Explain  the  relation  between  a  gene  and  a  bodily  characteristic. 

6.  Describe  and  explain  the  results  of  a  simple  cross  between  a  black  and  a 
white  guinea  pig. 

7.  Backcross  the  Fi  of  the  above  example  and  explain  the  result. 

8.  Define  heterozygous,  homozygous,  recessive,  dominant,  partial  dominance, 
genotype,  phenotype,  backcross,  free  assortment. 


SUGGESTIONS  FOR  FURTHER  READING 


74? 


9.  In  the  garden  pea  yellow  seed-color  is  dominant  to  green  seed-color  and 
smooth  seed  coac  to  wrinkled  seed  coat.  Cross  a  yellow,  wrinkled-seeded 
plant  to  a  green,  smooth-seeded  plant.  Describe  the  Fi  and  the  F2  obtained 
by  inbreeding  the  Fi,  as  regards  phenotypes  and  genotypes. 

10.  Describe  and  explain  the  results  of  crossing  a  short-haired  black  guinea  pig 
with  a  long-haired  white  guinea  pig.  Inbreed  the  Fi  and  describe  the  F2 
phenotypically  and  genotypically.  Short  hair  is  dominant. 

11.  State  the  four  principles  of  Mendelian  inheritance  and  show  by  examples 
how  the  inheritance  of  genes  conforms  to  them. 

12.  Explain  how  linkage  and  crossing  over  occur. 

13.  The  gene  which  determines  whether  the  wings  will  be  “miniature”  or 
“long”  in  Drosophila  is  located  in  the  X-chromosome.  “Long”  is  dominant 
over  “miniature.”  Describe  and  explain  the  result  of  crossing  a  “miniature” 
female  with  a  “long”  male.  Inbreed  the  Fi  and  describe  the  F2. 

14.  Red-green  color  blindness  is  a  sex-linked  recessive  character  in  man.  What 
are  the  chances  that  the  son  of  a  color-blind  man  and  a  normal  woman  will 
be  color-blind?  That  the  son  of  a  color-blind  woman  and  a  normal  man 
will  be  color-blind?  Consider  the  different  possibilities  involved. 

15.  Classify  the  kinds  of  changes  (mutations)  which  are  known  to  occur  in  the 
germ  plasm. 

16.  How  have  mutations  been  artificially  produced?  Distinguish  between  this 
and  the  inheritance  of  acquired  characters. 

17.  What  light  has  been  thrown  on  heredity  by  the  study  of  identical  twins? 

18.  Discuss  consanguineous  marriages. 

19.  What  can  be  said  of  the  inheritance  of  mental  traits? 

Suggestions  for  Further  Reading 

Shull,  A.  Franklin,  Heredity,  McGraw-Hill  Book  Company,  Inc.,  New  York, 
1931. 

Jennings,  H.  S.,  Genetics,  W.  W.  Norton  &  Company,  Inc.,  New  York,  1935. 

Holmes,  S.  J.,  Human  Genetics  and  Its  Social  Import,  McGraw-Hill  Book  Company, 
Inc.,  New  York,  1936. 

Popenoe,  Paul,  and  R.  H.  ]ohnson.  Applied  Eugenics,  T\itM3.cmi\\^nCom^^nY, 

New  York,  1933. 

Ruggles-Gatcs,  R.,  Heredity  in  Man,  The  Macmillan  Company,  New  York,  1946. 


f 


f'J  •  • 

•  t  ■  'i; 
r.iK|tr  • 


)'  '  *  'I, a*  Ir  V  ^■ 


/».**  ;>^«^•■  I 


0141  it.*)-  t 


K 


5  %,'^1' 


'■•  f  dlrsttctVt'  ■  ••  !  .-,  'V; 

iV-ot.®f!lUi';  _■  ’Vt{riil(W  :flHWari 

•  ■*•"•  •-•, — ■■f,'.-|  nH'  'if.  _; 
-  '•);■•  ••  ■■  ■,.  t 

■ ’.  v- ... 


'J  I  ■. 


Jiorxbi^!  '''■ 

''  Mil  ril  :.  ^  _ 

t  1.-4  :ir^  >(' 


Atjf*  /I- 


111 


*  3 

.cra^ilq  uri  -^i 

.-  twctettiaWlT/j^^.H  4l 

•>  -x  sPTfi  «d  I'.ta  f'il} 

i.'^  II  >U7»4i)|l9««|lt'<>  ^0»i  ■ 

.'.•:  •  Ui-laijt  •  ■  *»« 


i3  .1hy  ^  TO^  I 


.‘(Tk'Pi; 

<^v'; 

^  ... 

,  I!*  ^  j-  i  I'*  '.  I  :  .'. 


'  .  '■■1— ‘‘T’'.'  il * 

-  ,  •: ,  ^  ^  »V^  1 1  ,/3;qi|rR'^ 

-•:  fu  •>/.  ,ir-‘\fn\  '■  i,M:.  :  7'  -•■;  ♦a-'  .  'Ji  ,.][  .c 

■^.j,'  •'t'  ‘V  >/:•!<  ,  ortl 

‘  i  ■«  v,^.^rt0tnA  -ii  J-J 

■'  ,  .  .  ■ '  ■  J"  -V 

«a>1  .  .'(..'-.q,  J  1x1  ‘  .  .'  u  v  *:  »i5iSi  ,..JI 


’  '  i*  ir 

i* 


i  - 

ibili 

■ 

■ 

PART  VI.  The  Organic  World  and  Its  Evolution 


CHAPTER  39 


Animals  and  Plants 

in  Relation  to  Their  Environment 


In  the  previous  chapters,  we  have  looked  at  organisms  chiefly  as 
individuals  taken  out  of  their  natural  relations  to  the  physical  world 
around  them  and  to  the  other  li\’ing  creatures  which  aflfect  their  lives. 
Yet  what  an  organism  is  and  whether  it  continues  to  exist  depends  quite 
as  much  on  its  environment  as  on  its  structure  and  physiology.  This 
environment  consists  not  only  of  that  part  of  the  inanimate  world  with 
which  the  plant  or  animal  comes  in  contact,  and  of  the  physical  and 
chemical  changes  to  which  it  must  respond,  but  also  of  a  part  of  the 
animate  world,  which  consists  of  those  other  plants  or  animals  which  in 
any  way  affect  its  existence.  The  study  of  the  relations  of  plants  and 
animals  to  their  environments,  animate  and  inanimate,  is  called  ecology, 
from  the  Greek,  oi/cos,  a  house  or  dwelling. 

1.  THE  ENVIRONMENT 

A.'  THE  INORGANIC  ENVIRONMENT 

The  chemical  substances  and  the  various  physical  agents  which  con¬ 
stitute  the  inorganic  or  nonliving  elements  of  the  theater  in  which  the 
drama  of  life  goes  forward  vary  much  from  place  to  place  on  the  surface 
of  the  earth. 

(1)  THE  CHEMICAL  ENVIRONMENT 
(a)  WATER 

It  is  scarcely  necessary  to  emphasize  the  fact  that  water  is  essential 
for  life  and  is  therefore  a  necessary  constituent  of  the  environment  of 
all  organisms.  For  aquatic  plants  and  animals,  whether  marine  or  fresh 
water,  it  is  the  medium  in  which  they  live.  For  land  plants  or  animals  it 
must  be  available  in  the  soil  and  present  in  the  air.  Indeed,  the  distri- 
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DUtion  of  living  things  corresponds  fairly  closely  to  the  distribution  of 
vater  over  the  surface  of  the  globe,  and  on  land  they  are  in  general 
nost  abundant  where  the  humidity  is  greatest. 

No  other  substance  is  known  which  could  play  the  part  which  water 
Dlays  in  living  processes.  Some  of  the  unique  characteristics  of  . water 
vvhich  make  it  particularly  fitted  to  play  this  role  are  its  solvent  power, 


Fig.  39:1  The  water  cycle.  The  interchange  of  water  between  the  atmosphere,  land, 
and  sea  is  a  major  factor  in  producing  the  soil  so  necessary  to  most  land  plants  and  the 
seasonal  changes  which  affect  all  organisms.  Water  is  evaporated  from  the  ocean  and 
carried  over  the  land  where  it  becomes  precipitated  as  rain  or  snow.  Water  is  also  evap¬ 
orated  from  the  soil  and  from  the  bodies  of  plants  and  animals  to  be  later  precipitated 
()vcr  the  land  or  sea.  From  T.  I.  Storcr,  General  -Zoology,  McGraw-Hill  Book  Company, 
Inc. 

its  ability  to  ionize  substances  in  solution  in  it,  its  chemical  inertness, 
and  its  high  surface  tension. 

There  is  some  doubt  as  to  whether  life  began  in  the  sea  or  in  fresh 
water  but  there  is  practically  general  agreement  that  it  must  have 
arisen  in  water  somewhere.  Today  the  greatest  variety  of  forms  is  found 
in  the  ocean  and  all  the  more  primitive  forms  of  plants  and  animals  are 
found  cither  in  the  ocean  or  in  fresh  water. 

“As  a  solvent  there  is  literally  nothing  to  compare  with  water.  ...  In 
the  first  place  the  solubility  in  water  of  acids,  bases,  and  salts,  the  most 

familiar  classes  of  inorganic  substances,  is  almost  universal.  on.n 

Water,  due  to  its  jthysical  properties,  goes  through  a  cycle  (Fig.  39:1). 
It  is  constantly  being  evaporated  from  the  surface  of  the  earth  into  the 
atmosphere  to  be  precipitated  as  rain  and  flow  over  and  through  the 

I  Hrnderson,  L.  J.,  Th,  Fitmss  of  Ih  Erwironmenl,  The  Macraillaji  Company,  New  York, 
1913,  p.  111. 
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soil.  This  movement  of  water  and  its  unequaled  solvent  power  is  one  ol 
the  main  factors  in  the  disintegration  of  rocks  and  the  cause  of  the 
salinity  of  the  ocean. 

(b)  CARBON  DIOXIDE 

Although  carbon  dioxide  is  present  in  the  atmosphere  in  very  small 
quantity  (0.03  per  cent)  it  is  essential  for  green  plants  and  thus  for  the 
existence  of  all  higher  life  on  the  earth.  Carbon  dioxide  and  water 


Fig.  39:2  The  chemical  cycle.  Most  of  the  chemical  elements  entering  into  the  metabo¬ 
lism  of  animals  and  plants  pass  through  a  cycle  in  which  they  are  at  one  time  in  organisms 
and  at  another  time  in  the  inorganic  world.  From  T.  I.  Storer,  General  Z^ology^  McGraw- 
Hill  Book  Company,  Inc. 

provide  the  raw  materials  for  photosynthesis.  The  presence  of  carbon 
dioxide  “in  the  atmosphere  insures  the  occurrence  of  greater,  or  at  least 
equal,  quantities  in  the  ocean  and  in  all  the  natural  waters  of  the  earth.”  ^ 
This  is  due  to  the  solubility  of  carbon  dioxide  in  water.  It  is  such  that 
under  ordinary  conditions  the  quantity  of  carbon  dioxide  in  a  given 
volume  of  water  is  approximately  equal  to  the  quantity  in  an  equal 
volume  of  air.  Thus  it  is  equally  available  for  green  plants  in  the  water 
of  the  soil,  rivers,  lakes,  and  the  ocean.  Carbon  dioxide  enters  and  leaves 
water  freely.  It,  therefore,  everywhere  accompanies  water  and  circulates 
with  it.  Carbon  dioxide  is  the  chief  food  of  plants  and  it  possesses  two 

^  Henderson,  L.  J.,  op.  cit.  . 
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very  important  qualifications  for  a  food;  it  occurs  everywhere  and  it  is 
constantly  being  moved  from  place  to  place  so  as  to  be  available  every¬ 
where. 

Carbon  dioxide  is  practically  the  only  form  in  which  the  element 
carbon  passes  from  the  inorganic  to  the  organic  world  and  it  is  chiefly 
in  this  form  that  it  returns  from  the  organic  to  the  inorganic  world. 
Taken  in  by  green  plants,  it  is  combined  with  water  in  the  photosynthetic 
process  to  form  sugar,  and  it  is  from  this  sugar  that  the  carbon  contained 
in  the  carbohydrates,  fats,  and  proteins  of  plants  and  animals  is  obtained. 
Carbon  passes  through  a  cycle  during  one  part  of  which  it  is  in  the 
atmosphere  as  carbon  dioxide  and  the  other  part  of  which  it  is  a  con¬ 
stituent  of  organic  matter  (Fig.  39:2).  Fresh  water,  made  slightly  acid 
by  the  presence  of  carbon  dioxide  from  the  air,  dissolves  sodium,  potas¬ 
sium,  calcium,  and  magnesium  from  the  soil  to  form  bicarbonates.  These 
salts  of  carbonic  acid  when  present  with  the  acid  serve  to  maintain 
a  system  of  buffers  in  natural  waters.  Carbonic  acid  is  one  of  the  few 
acids  which  possess  in  a  high  degree  the  capacity  to  form  buffer  solutions 
with  its  salts.  “All  acids  whose  strength  is  even  a  little  either  greater  or 
less  than  carbonic  acid  lack  this  property.”  ^ 


(c)  OXYGEN 

We  are  inclined  to  consider  oxygen  the  most  important  constituent  of 
the  atmosphere,  chiefly,  perhaps,  on  account  of  our  own  requirements 
of  that  element.  Yet  the  role  which  oxygen  plays  in  living  processes  apart 
from  being  a  constituent  of  most  of  the  compounds  concerned  is  that  of 
aider  and  abettor  of  destruction.  Oxidations  are  usually  involved  in  the 
breaking  down  of  organic  substances  although  the  energy  thus  released 
may  be  used  by  the  organism  to  build  up  other  substances. 

Oxygen  in  its  uncombined  form  is  not  essential  to  all  organisms. 
Some  plants  and  some  animals  can  utilize  combined  oxygen  to  carry 
out  the  oxidations  which  their  living  processes  require.  Such  organisms 
arc  said  to  have  anaerobic  respiration  in  contrast  to  the  aerobic  respira¬ 
tion  of  other  organisms.  They  include  many  kinds  of  bacteria,  yeast 
under  certain  conditions,  some  annelid  worms,  and  a  number  of  animal 
parasit(!s. 


(d)  NITROGEN 

The  nilrog{'n  cycle  has  already  been  referred  to  in  the  chapter  on 
.aclcriii.  I!y  far  llu-  grralcr  part  of  the  nitrogen  either  on  or  near  the 
iirface  of  (lie  earth  is  in  (he  atmosphere,  of  which  it  forms  approximately 


I  l(Mi(lrrs()ri,  li.  J.,  f'A-  ciL 
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79  per  cent.  The  remainder  is  largely  in  the  form  of  compounds  which 
have  been  formed  in  the  bodies  of  plants  or  animals  or  the  decomposi¬ 
tion  products  of  these. 

Most  land  plants  obtain  the  nitrogen  they  require  from  the  nitrates  in 
the  soil.  These  nitrates  are  there  largely  as  the  result  of  the  action  of 
nitrifying  bacteria  acting  on  decay  products  and  nitrogen-fixing  bacteria 
which  take  nitrogen  from  the  air.  The  nitrates  from  the  soil  are  carried 
in  the  soil  water  to  streams  and  ponds  and  thus  become  available  to  all 
fresh-water  life.  Some  of  these  nitrates  are  carried  in  the  water  of  rivers 
into  the  ocean. 

(e)  OTHER  ELEMENTS 

The  other  elements  required  by  plants  and  animals  come  into  the  soil 
and  the  soil  water  as  products  of  the  disintegration  of  rocks  and  erosion 


Weathering  by  water. 


Fig.  39:3  The  mineral  cycle.  Rocks  become  disintegrated  into  soil.  The  soil  becomes 
eroded  and  is  transported  by  water  toward  the  low  lands.  The  soluble  materials  become 
dissolved  in  the  soil  water  and  are  eventually  carried  into  rivers  and  lakes  and  to  the  sea. 
From  T.  I.  Storer,  General  Zoology,  McGraw-Hill  Book  Company,  Inc. 

of  the  soil  (Fig.  39:3).  This  disintegration  and  the  distribution  of  the 
resulting  inorganic  salts  is  brought  about  largely  through  the  water 
cycle  (see  Sec.  (1)). 

(2)  PHYSICAL  AGENTS  IN  THE  ENVIRONMENT 
(a)  LIGHT 

Primitive  man  and  the  men  of  the  early  civilizations  recognized  the 
importance  of  light  for  life  in  their  almost  universal  worship  of  the  sun. 
Life,  as  we  have  already  seen,  is  essentially  a  question  of  energy  changes. 
Energy  is  taken  from  the  environment  and  appears  in  the  varied  activities 
of  the  organism.  The  prime  source  of  energy  for  all  life  is  radiant  energy 
from  the  sun.  Only  green  plants  have  the  power  to  capture  and  trans- 
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form  this  energy.  Hence  all  organisms  with  the  exception  of  the  small 
group  of  autophytic  bacteria  are  ultimately  dependent  upon  green 
plants  and  through  them  upon  the  sun. 

The  amount  of  light  and  heat  (radiant  energy)  received  by  the  earth 
from  the  sun  is  enormous.  At  any  given  place  it  depends  upon  the  time 
of  day,  season  of  the  year,  latitude,  and  the  condition  of  the  atmosphere. 
During  a  dear  day  in  summer  at  latitude  45°  a  square  yard  on  the  sur¬ 
face  of  the  earth  receives  in  the  form  of  radiation  from  the  sun  some¬ 
where  between  2000  and  5000  kilogram  calories,  or  about  enough 
energy,  if  it  could  be  transformed  without  loss  into  absorbable  food 
materials,  to  support  one  man.  However,  only  a  small  fraction  of  this 
energy  is  used  in  photosynthesis,^  the  greater  part  going  to  raise  the  tem¬ 
perature  of  the  surroundings.  With  the  most  efficient  agriculture  and 
fertile  land  about  1  acre,  4840  square  yards,  is  required  to  raise  enough 
food  for  one  man.^ 

Light  acts  as  a  direct  stimulus  for  many  of  the  activities  of  plants  and 
animals  and  in  this  capacity  is  of  great  importance.  Examples  have 
already  been  discussed  and  more  will  appear  in  later  sections. 

(b)  TEMPERATURE 

Except  in  special  cases  active  life  occurs  only  between  0°C  (32°F)  and 
45°G  (113°F).  Many  sea  fishes  and  other  animals  remain  active  and 
many  marine  algae  continue  to  grow  at  temperatures  one  or  even  two 
degrees  below  zero  Centigrade  since  the  salinity  of  the  sea  water  pre¬ 
vents  it  from  freezing  at  these  temperatures.  Certain  invertebrates  are 
known  which  live  in  hot  springs  where  the  temperature  may  reach  50°C 
(1 22°F)  or  more  and  algae  have  been  found  growing  in  water  at  tempera¬ 
tures  up  to  80°C  (176°F).  The  dry  spores  of  certain  bacteria  can  with¬ 
stand  temperatures  of  120-130°C  (248-266°F). 

For  most  organisms  there  is  a  minimum  temperature  below  which 
they  cannot  carry  on  their  vital  processes,  a  maximum  temperature 
above  which  they  become  inactive  and  eventually  may  die,  and  an 
optimum  range  of  temperature  within  which  they  thrive  best.  Thus 
tropical  plants  and  animals  do  best  at  temperatures  above  32.2°C  (90°F) 

'  See  Clliaj).  16,  See.  5,  for  a  discussion  of  the  efTiciency  of  the  photosynthetic  process. 

2'rhc  calculation  is  as  follows:  the  average  man  needs  3000  calories  per  day  or  1,095,000 
calories  per  year.  One  pound  of  wheat  yields  approximately  1600  calories.  One  bushel  of 
number  one  wheat  weighs  58  pounds  and  yields  approximately  92,800  calories.  Therefore  if 
a  man  could  live  on  wheat  alone  (as  many  Chinese  do  on  rice,  which  is  very  similar  to  wheat), 
he  wo.ild  recinire  1  ,()95,00()/92,800  =  1  1.8  bushels  per  year.  The  average  yield  of  wheat  per 
acre  in  the  United  States  was,  in  1934,  1 1.8  bushels  per  acre.  The  calories  used  in  this  calcu¬ 
lation  are  kilo(  alories. 
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and  are  easily  killed  by  cold  weather,  while  temperate  plants  thrive 
best  at  temperatures  between  15.5°C  (60°F)  and  32.2°C  (90°F).  Arctic 
plants  grow  at  temperatures  only  a  little  above  freezing. 

Many  organisms  require  a  seasonal  change  of  temperature.  Thus  the 
seeds  of  many  temperate  plants  will  not  develop  unless  subjected  for  a 
period  of  time  to  temperatures  below  freezing  and  the  same  is  true  of 
the  eggs  of  many  insects.  The  cold  of  winter  has  become  a  necessity  to 
them. 

(c)  CLIMATE 

The  term  climate  has  been  used  to  include  the  condition  which  re¬ 
sults  from  a  combination  of  physical  factors,  the  chief  of  which  are 
temperature,  sunlight,  and  water  vapor.  In  general,  when  traveling 
from  cither  pole  to  the  equator  each  of  these  factors  increases  in  intensity. 
There  may,  however,  be  geographical  factors  which  change  this  suc¬ 
cession.  Thus  in  going  up  a  mountain,  even  at  the  equator  the  temper¬ 
ature  decreases  so  that  at  great  heights  it  may  approach  that  of  the 
arctic  regions.  Also  in  going  from  east  to  west  across  the  southern 
United  States  all  stages  of  humidity  are  encountered  from  relatively 
humid  forest  regions  to  dry  deserts. 

B.  THE  ORGANIC  ENVIRONMENT 

The  organic  environment  consists  of  the  other  organisms  which  in 
any  way  influence  the  life  of  the  individual  under  consideration.  In  some 
cases  the  relation  brings  mutual  benefit.  Thus  in  the  pollination  of 
higher  plants  by  insects  both  the  insect  and  the  plant  benefit,  the  plant 
by  the  transfer  of  its  pollen,  the  insect  from  the  nectar  or  pollen  which 
it  uses  as  food.  Somewhat  the  same  relationships  exist  in  the  case  of  seed 
dispersed  by  birds  and  mammals.  The  birds  or  mammals  eat  the  fruit 
and  disperse  the  seeds.  Organisms  of  decay,  including  bacteria  and  other 
fungi,  serve  the  entire  organic  world  by  making  available  again  the 
materials  needed  by  protoplasm.  The  autophytic  bacteria  also  aid  the 
growth  of  green  plants  by  bringing  nitrogen  into  the  soil.  The  benefit 
may  be  somewhat  one-sided  as  in  the  case  of  the  many  animals  and  plants 
which  find  shelter  in  a  forest,  shrubbery,  or  grassland. 

Plants  or  animals  may  derive  mutual  benefit  from  association.  Thus 
the  trees  in  a  forest  are  better  able  to  weather  storms  by  being  together 
rather  than  isolated;  grasses  by  being  in  clumps  hold  more  moisture 
and  organic  material  in  the  soil  than  when  separated.  Grazing  animals 
commonly  go  in  herds  where  they  find  protection  from  their  carnivorous 
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enemies.  Many  animals  associate  in  groups  for  breeding  purposes, 
building  their  nests  together  or  swimming  in  shoals.  Climaxing  this 
type  of  association  are  the  social  insects  already  described  in  a  special 
chapter  (Chap.  24). 

The  relationship  may  be  one  of  competition.  Plants  compete  for  soil, 
water,  and  light;  animals  for  food.  The  competition  may  be  between 
individuals  of  the  same  species  or  between  different  species.  The  number 
of  individuals  of  a  species  in  a  given  locality  is  frequently  determined  by 
the  amount  of  food  available.  “Food  chains”  for  a  number  of  different 
types  of  plant-animal  communities  have  been  worked  out.  Examples  are 
outlined  in  the  diagrams  (Figs.  39:16  and  39:34).  Here  the  relative 
number  of  individuals  of  each  species  is  to  a  certain  extent  dependent 
on  the  relative  number  of  individuals  of  the  species  which  feed  upon  it 
and  the  species  which  it  feeds  upon. 

Not  only  is  each  species  adapted  in  its  own  way  to  the  particular  con¬ 
ditions  of  its  particular  environment,  but  the  different  species  of  plants 
and  animals  inhabiting  any  region  are  intimately  associated  and  form  a 
community.  A  number  of  plant-animal  communities  are  described  in 
the  sections  which  follow.  The  kinds  of  plants  and  animals  which  live  in 
a  community  arc  determined  in  the  first  place  by  the  chemical  and 
physical  conditions  of  the  region  and  the  seasonal  changes  of  these. 
Depending  on  such  conditions  certain  species  which  are  well  adapted  to 
them  arc  abundant.  These  species  are  said  to  be  the  dominant  species 
and  give  the  community  its  general  characteristics.  Thus  in  a  forest 
community  one  or  more  species  of  trees  are  dominant;  the  forest  may  be 
a  pine  forest,  a  maple  forest,  or  it  may  be  a  maple-beech  forest  with 
some  oak  as  in  the  community  described  in  Sec.  2,  A.  Again,  the  com¬ 
munity  may  be  on  the  seashore  and  be  that  of  a  mussel  shoal  where 
mussels  arc  the  determinant  species,  of  an  oyster  bed  where  oysters  are 
dominant.  Just  as  the  cells,  tissues,  and  organs  of  an  individual  plant  or 
animal  are' organized  to  form  its  body  and  carry  on  its  vital  activities  so 
the  different  speeies  of  plants  and  animals  are  brought  together  by  the 
special  conditions  of  their  environments  and  their  modes  of  life  to  form 
communities  in  which  each  has  its  place  or  niche. 


2.  LIFE  ON  LAND' 

'\'hc  North  American  continent  is  largely  a  continent  of  forests  and 
prairies  with  1(‘SS(t  areas  of  shrubby  woodland  and  desert.  Perhaps  it  is 

■  tor  (hr  (  l;,ssinra(i(..i  c,f  (hr  various  plants  and  animals  referred  to  in  this  chapter  the  sUt- 
drtit  slioiilfl  (onsnil  tlir  App<*ndix. 
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better  to  say  that  it  was  such  a  continent,  for  since  the  white  man  came 
with  his  axe  and  plow  much  of  the  forest  and  most  of  the  prairie  have  been 
made  into  farm  land.  Stretching  across  the  northern  part  of  the  con¬ 
tinent  and  extending  southward  along  the  mountain  ranges  of  the  East 


Fig.  39:4  Typical  forest  ground  cover  in  the  spring,  mayapple  {Podophyllum,  class 
Dicotyledoneae,  order  Ranales,  family  Berberidaceae).  Photograph  by  L.  W.  Brownell. 


and  West  is  a  great  coniferous  or  evergreen  forest,  i.e.,  one  composed 
largely  of  trees  which  bear  cones  and  carry  their  leaves  through  the 
winter.  This  is  where  most  of  our  lumber  comes  from  —  where  the 
Douglas  fir,  the  black  and  white  spruce,  giant  cedar,  balsam  fir,  and 
lodgepole  pine  dominate  the  landscape.  Most  of  the  eastern  half  of  the 
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United  States  extending  from  the  Mississippi  Valley  to  the  Atlantic 
seaboard  was  occupied  by  a  temperate  deciduous  forest,  i.e.,  one  in 
which  the  leaves  of  the  trees  fall  in  the  winter.  West  of  this  eastern  tem¬ 
perate  forest  and  extending  over  the  great  plains  to  the  Rocky  Mountains 
were  the  great  prairies  or  grasslands.  West  of  this  again  are  the  vast 
forests  of  the  Rocky  Mountains. 


A.  LIFE  IN  A  FOREST 


A  temperate  deciduous  forest  is  chosen  for  description.  Such  a  type 
of  forest  varies  somewhat  in  different  parts  of  the  East.  In  the  following 
description  only  a  few  of  the  common 
and  more  generally  distributed  plants 
and  animals  are  considered  so  that  the 
discussion  may  be  applied  to  almost  any 
deciduous  forest  in  the  eastern  United 
States  and  with  slight  modifications  to 
any  temperate  forest.  A  common  type 
of  broad-leaved  forest  is  that  in  which 
beech,  maple,  and  oak  are  the  most 
abundant  trees  although  other  broad¬ 
leaved  trees  such  as  hickory,  chestnut, 
poplar,  and  birch  and  some  conifers 
such  as  the  pine  and  hemlock  may  be 
abundant.  These  trees  will  grow  only 
where  the  climate,  soil,  and  other  en¬ 
vironmental  conditions  arc  suitable. 

There  must  be  a  moderate  rainfall,  25 
to  60  inches  per  year.  The  summer  must 
b(!  moderately  warm  with  an  average  temperature  between  60°  and  65°F 
and  they  seem  to  thrive  best  when  the  winter  temperature  goes  below 
freezing.  The  falling  of  the  leaves  in  the  deciduous  forest  is  an  adaptation 
t(;  tli(‘  contrasting  conditions  of  summer  and  winter.  The  broad  leaves 
('iiabl(‘  du'  trees  to  manufacture  starch  and  carry  on  their  vital  activities  at 
a  inaxiinum  rate  during  the  summer  when  there  are  long  periods  of  sun¬ 
light,  a  warm  t(‘mperature,  and  usually  plenty  of  moisture.  On  the  other 
h;ind,  in  (Ik*  wintc'r  wIhmi  the  days  arc  short  and  cold  and  the  air  dry  such 
le^ives  would  b(‘  a  definite  disadvantage  to  the  plant  through  loss  of  water 


Fig.  39:5  A  spring  wildflower 
common  in  the  woods,  the  white 
trillium  or  large-flowered  wake- 
robin  {Trillium,  class  Monocoty- 
ledoneae,  order  Liliales,  family 
Liliaceae).  Photograph  by  Arthur 
B.  Williams,  Cleveland  Museum  of 
Natural  History. 


from  (heir  surhic(‘s.  So  the  leaves  are  shed  and  the  plant  becomes  dor- 
III, ml.  'I’lic  Irccs  :iir  s.iid  to  he  the  dominant  plants  in  the  forest  because 
diey  driennine  lo  :i  lari;e  extent  what  other  forms  of  life  can  exist  there. 


Fig.  39:6  Jack-in-the-pulpit  {Arisaema^  class  Dicotyledoneae,  order  Arales,  family 
Araceae).  Photograph  by  L.  W.  Brownell. 

the  intensity  of  the  sunlight  and  making  it  impossible  for  plants  requiring 
much  light  to  grow  beneath  them.  These  same  leaves  which  shut  out 
the  sun  keep  the  air  inside  the  forest  moist  during  the  summer  so  that 
it  is  saturated  or  nearly  saturated.  Trees  also  provide  protection  from 
wind  and  rainstorms.  Their  dead  leaves  and  fallen  trunks  are  the  source 
of  a  large  part  of  the  organic  matter  in  the  soil.  Thus  the  trees  are  not 
only  the  largest  organisms  of  the  forest  but  they  are  also  responsible  in 
large  measure  for  the  existence  of  the  community  which  they  dominate. 

Where  the  trees  of  the  forest  are  farther  apart  and  more  sun  gets 
through,  smaller  trees  and  shrubs  occur  such  as  mayapple  (Fig.  39:4), 
sassafras,  pawpaw,  wild  cherry  and  wild  grape,  all  of  which  produce 
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Like  all  green  plants,  trees  compete  for  sunlight.  I'hey  are  able  to  over¬ 
shadow  their  competitors  because  they  can  grow  high  and  spread  their 
leaves. 

Many  of  the  conditions  within  the  forest  are  determined  by  the 
trees.  In  summer  the  leaves  cast  a  deep  shade,  tremendously  reducing 
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fruits  on  which  many  birds  and  other  animals  feed.  Trailing  over  the 
ground  or  climbing  on  the  bushes  may  be  bittersweet,  its  bright  scarlet 
berries  adding  to  the  colors  of  autumn.  Close  to  the  ground  are  many 
small  herbaceous  plants  with  soft  stems  and  leaves.  Most  of  these  grow 
up  rapidly  in  the  early  spring  before  the  trees  get  their  leaves  and  while 
there  is  still  light  in  the  forest.  This  they  are  able  to  do  because  of  nourish¬ 
ment  stored  underground  during  the  winter  in  fleshy  roots,  stems,  or 
leaves.  These  plants  give  us  most  of  our  spring  wild  flowers  of  the  forest 
(Fig.  39:4),  such  as  hepatica,  trillium  (Fig.  39:5),  wild  geranium  (Fig. 


'ig.  39:7  A  group  of  “[)ufr-l)all.s”  {Lycoperdon,  phylum  Thallophyta,  subphylum  hungi, 
lass  l>asi(liomyc(‘tcs)  on  a  log.  Photograph  by  L.  W.  Brownell. 


3:8),  l)l()(Hl-r(K)t,  Jack-in-lhc-pulpit  (Fig.  39:6),  also  known  as  “Indian 
turnip”  because  of  its  root,  violet,  and  Dutchman’s-breeches.  The  wood 
nettle  is  sometimes  common.  There  may  be  a  few  ferns  (Fig.  3.6)  scattered 
here  and  tliere  but  they  arc  usually  not  abundant  in  this  type  of  forest. 
Mosses  are  al)undant  on  the  fallen  trees  and  stumps. 

Henealh  I  lie  green  foliage  the  ground  is  covered  with  decaying  leaves 
and  twigs  which  gradmilly  disintegrate  to  form  a  brown  mealy  material 
etilled  humu.s.  The  deetiy  which  leads  to  the  formation  of  the  humus  is 
brought  .about  by  numerous  species  of  fungi  (Fig.  39:7),  not  the  least 
important  of  whii  h  tire  bacteria.  The  bacteria  are,  of  course,  invisible. 
The  other  fungi  ti|)petir  on  the  surface  only  when  they  send  up  repro- 
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ductivc  bodies  forming  spores.  Such  arc  the  familiar  mushrooms,  puff¬ 
balls,  and  shelf  fungi.  These  plants  do  not  require  light  and  thrive  in  the  | 
relative  darkness  of  dense  vegetation.  They  arc  not  alone,  however,  in  , 

having  found  a  way  to  subsist  on  the 
abundant  decaying  material  of  the 
forest  floor.  Among  them  are  a  few 
flowering  plants,  such  as  the  ghostly 
white  Indian  pipe  (Fig.  39:8),  which 
entirely  lacks  chlorophyll. 

For  many  of  the  smaller  animals  one 
must  look  among  the  dead  leaves  on 
the  forest  floor  or  in  tree  stumps  or 
under  stones.  Turn  over  almost  any 
large  flat  stone  and  a  miniature  world 
is  revealed.  Sow  bugs  (Fig.  39:9)  and 
centipedes  (Fig.  3:20)  scurry  away  to 
cover,  beetle  larvae  squirm,  and  mil¬ 
lipedes  curl  up  and  feign  death.  Per¬ 
haps  an  ant  nest  has  been  disturbed 
and  the  workers  hurry  off  carrying 
eggs  and  larvae. 

Insects  abound  in  any  forest  and 
each  type  of  forest  has  its  character¬ 
istic  population  of  leaf-eating  insects,  many  kinds  of  beetles,  butterflies 
and  moths,  bees,  wasps,  and  flies  including  midges  and  mosquitoes.  Where 
there  are  flies,  crafty  little  spiders  spin  their  webs. 

Dig  under  a  fallen  tree  or  tear  away  the  rotting  wood  from  an  old 
stump  and  you  may  find  a  salamander  (Fig.  3:24).  Being  amphibians, 
these  little  creatures  require  the  humidity  of  the  forest  floor.  They  feed 
on  insects. 

If  you  are  lucky  you  may  see  a  small  lizard  (Fig.  39:10)  basking  in  the 
sun  near  his  hiding  place  into  which  he  will  dart  should  you  approach 
too  near.  Or  you  may  stir  up  a  snake  in  the  leaves  at  your  feet  and  hear 
him  scurry  away.  The  smaller  lizards  and  snakes  are  chiefly  insect  eaters 
while  the  larger  snakes  feed  on  shrews,  mice,  and  small  birds. 

Wild  mice,  although  small,  are  important  animals  in  the  forest  on 
account  of  their  numbers.  One  of  these  is  the  white-footed  or  deer  mouse 
(Fig.  39:11).  The  name  ‘‘deer  mouse”  was  given  to  it  because  it  was 
formerly  thought  to  change  its  coat  in  a  manner  similar  to  that  in  which 
the  deer  changes  his.  These  mice  are  creamy  white  underneath  and  have 
large  ears.  Like  their  domestic  brothers  they  are  active  chiefly  at  night. 


Fig.  39:8  The  Indian  pipe  (.\fono- 
tropQy  class  Dicotyledoneae,  order 
Ericales,  family  Ericaceae),  a  sapro¬ 
phytic  flowering  plant.  Photograph 
byj.  VV.  Mav'or. 
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They  live  in  burrows  and  underground  runways,  tinder  almost  any 
decaying  log  may  be  found  some  sign  of  their  activities  —  remains  of 
a  meal  of  acorns,  a  pile  of  seeds,  or  the  opening  to  a  burrow.  The  staple 


Fig.  39:9  Forc'sl  inv('rt<‘hrat  os  on  the  underside  of  a  mushroom.  Above  and  to  the  left, 
sow  “bugs”  {Oniscus,  phylum  Arthropoda,  class  Crustacea);  near  the  center,  a  slug 
(phylum  Mollusra,  class  Gastropoda).  Photograph  byj.  W.  Mavor. 

foods  of  the  d(‘cr  mouse  arc  maple  seeds,  beechnuts,  acorns,  basswood 
seeds,  and  ch('rry  pits  l3ut  it  will  cat  other  things  including  roots  and 
even  mod  is  and  flies.  By  hiding  during  the  day  and  feeding  at  night 
mic(“  esenjx'  mnny  carnivorous  nnimnls  but  not  the  little  shrews. 

Shrt'ws  r(‘S('ml)l(‘  mic('  somewhat  in  size  and  appearance.  Like  mice 
they  liv('  in  liunows  but  unlike  them  they  feed  chiefly  on  small  animals 
including  mice'  and  inst'cts. 

d’he  gray  squirn  Is  (f  ig.  39:12)  commonly  seen  in  parks  are  but  the 
remnanis  of  vast  numbers  which  inhabited  the  deciduous  forest  until 
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the  latter  part  of  the  last  century.  In  the  warm  months  of  the  year  the 
gray  squirrel  builds  nests  of  leaves  and  twigs  in  the  crotches  of  trees. 
The  young  arc  born  in  these  nests.  The  gray  squirrel  is  well  adapted  to 


Fig.  39:10  Five-lined  or  blue-tailed  skink  (Eumeces,  class  Reptilia,  order  Squamata, 
suborder  Sauria).  Photograph  by  L.  VV.  Brownell. 


life  in  the  forest.  Its  short  muscular  legs  and  sharp  claws  enable  it  to 
run  up  and  down  trunks  and  branches  with  the  greatest  ease.  Even  its 
ornamental  bushy  tail  is  in  reality  an  adaptation  to  arboreal  life  since 
it  serves  as  a  balancing  organ  when  climbing  and  as  a  sort  of  miniature 
parachute  should  he  accidentally  fall.  He  feeds  chiefly  on  nuts  but  also 
eats  seeds,  leaves,  roots,  mushrooms,  and  even  birds’  eggs.  By  their 
habit  of  burying  nuts,  squirrels  make  an  important  contribution  to  the 
life  of  the  forest.  Although  they  return  for  some  of  those  they  hide, 
numbers  are  left  in  the  ground  to  germinate.  They  are  responsible  for 
the  planting  of  many  trees,  especially  hickory. 
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The  smaller  animals  of  the  forest  provide  food  for  the  larger  carnivores. 
Among  these  are  the  foxes  of  which  the  commonest  and  most  widely 
distributed  in  Ameriea  is  the  red  fox.  This  animal  resembles  a  small 


Fig.  39:11  Above,  a  very  common 
mammal  in  forests,  the  white-footed  deer 
mouse  {Peromyscus^  class  Mammalia, 
order  Rodentia).  Photograph  by  Arthur 
Williams,  Cleveland  Museum  of  Natural 
History.  At  right,  nest  of  a  white-footed 
deer  mouse  in  old  nest  of  a  woodthrush. 
Photograph  by  L.  W.  Brownell. 


dog.  It  is  not  confined  to  the  forest  but  may  also  occur  in  woodland  or 
open  country.  Foxes  live  in  dens,  a  family  occupying  a  den.  They  hunt 
singly,  i.e.,  not  in  packs  like  wolves,  and  may  go  a  distance  of  5  or  10 
miles  from  the  den  in  search  of  food. 

In  this  they  are  not  very  particular, 
but  birds  and  small  mammals  are 
preferred. 

In  the  early  days  of  the  settlement 
of  eastern  North  America  Virginia 
deer  (Fig.  39:13),  also  known  as 
white-tailed  deer,  were  particularly 
abundant.  The  success  of  the  deer 
as  a  forest  animal,  in  the  absence  of 
man  or  under  his  protection,  is  due 
partly  to  its  size  which  ensures  it 
from  attack  by  the  smaller  carnivo¬ 
rous  animals  of  the  forest,  its  speed 

which  enables  it  to  run  from  its  larger  enemies  such  as  the  timber  wolf, 
and  its  ability  to  ('xist  on  a  varied  vegetable  diet  including  the  bark, 
buds,  iind  jeav(‘s  of  trees,  nuts,  acorns,  grass,  and  other  herbs. 


Fig.  39:12  Gray  squirrel  (Sciurus, 
class  Mammalia,  order  Rodentia), 
eating  a  nut.  Photograph  by  L.  W. 
Brownell. 
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Another  animal  common  in  the  forest  in  earlier  times  was  the  timber 
wolf,  now  almost  extinct.  It  has  been  estimated  that  there  was  one  wolf 
for  every  square  mile  in  Pennsylvania.  Wolves  were  the  chief  enemy  of 
the  deer.  Their  speed,  endurance,  large  jaws,  and  sharp  teeth  admirably 
adapt  them  to  be  the  marauders  of  the  forest.  The  wolf  is  a  flesh  eater. 
In  the  summer  it  supports  itself  chiefly  on  smaller  mammals  such  as  mice, 


Fig.  39: 13  Virginia  deer  {Odocoileus,  class  Mammalia,  order  Artiodactyla).  Photograph 
by  J.  VV.  Mavor. 


rabbits,  and  woodchucks.  In  winter,  however,  when  these  are  in  hiding, 
it  turns  to  the  deer  whose  escape  is  then  made  more  difficult  by  the  deep 
snow  and  the  freezing  over  of  the  ponds.  The  wolf  usually  catches  the 
deer  by  tearing  the  tendons  of  one  of  the  hind  limbs. 

The  black  bear  is  another  large  forest  mammal  which  has  survived 
in  the  less  disturbed  forest  areas  and  especially  in  the  national  park 
forests.  Bears  are  classified  as  flesh  eaters  but  they  eat  almost  anything: 
berries,  roots,  honey,  ants,  fish,  small  mammals,  and  even  birds.  They 
do  most  of  their  feeding  in  the  summer  for  when  winter  comes  they  find 
a  hollow  tree  or  a  cave  and  go  to  sleep. 

The  birds  of  the  forest  find  their  food  either  on  the  ground  or  in  the 
trees.  Woodpeckers  live  in  trees  and  dig  insects  out  of  the  bark.  Most 
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of  the  common  species  are  permanent  residents  of  the  forest  but  some 
migrate  irregularly.  The  commonest  and  best  known  in  the  East  is  the 
flicker  (Fig.  39:14),  called  by  a  number  of  other  names  including 
“golden- winged  woodpecker,”  best  known  not  only  because  of  his 
striking  coloration  but  also  on  account  of  his  noisiness.  Woodpeckers 
have  high  shoulders,  long  bodies,  and  stiff  tails,  the  latter  used  to  prop 
the  body  against  the  tree  while  the  strong 
muscles  of  the  neck  and  shoulders  thrust 
the  beak  through  the  bark  and  wood. 

Like  most  woodpeckers  the  flicker  usually 
makes  its  nest  in  a  hole  in  a  tree  trunk 
which  it  digs  with  its  beak.  Besides  the 
insects  which  he  digs  out  of  the  bark  and 
wood  of  trees  this  woodpecker,  like  many 
other  birds,  feeds  on  nuts  and  seeds. 

Other  permanent  residents  of  the  forest 
are  the  chickadees  (Fig.  3:26).  These  are 
typical  perching  birds,  small  and  spar- 
rowlike.  They  are  more  often  noticed  in 
the  winter  when  there  are  not  so  many 
other  birds  about  and  the  leaves  are  off 
the  trees.  Chickadees  are  useful  birds  liv¬ 
ing  chiefly  on  insects.  They  destroy  large 
numbers  of  moths  and  caterpillars,  in¬ 
cluding  tent  caterpillars,  in  the  summer 

and  insect  eggs  during  the  winter.  Their  nests  are  made  in  hollows  in 
trees.  Often  the  abandoned  nest  of  a  woodpecker  is  used. 

The  wood  pewee  or  pewee  flycatcher  is  an  example  of  one  of  the 
summer  visitors  of  the  forest.  This  small  insect-eating  bird  comes  in  the 
spring  and  in  the  fall  leaves  for  South  America  where  he  spends  the 
winter.  He  prefers  the  shade  of  the  forest  and  the  tops  of  high  trees. 
In  the  spring  many  different  kinds  of  birds  visit  the  more  open  parts  of 

the  forest  to  cat  the  berries  on  the  shrubs. 

Just  as  there  arc  carnivorous  mammals  to  eat  the  smaller  animals  of 
the  forest  so  there  arc  also  carnivorous  birds  the  hawks  and  the  owls. 
Both  tiiesc  tyi)cs  of  birds  are  provided  with  sharp,  curved  talons  and 
siiort,  strong,  hooked  beaks.  Hawks  are  active  during  the  day  and  usually 
migrate  to  the  South  for  the  winter.  Cooper’s  hawk,  sometimes  called 
( h(‘  chicken  hawk,  roosts  and  nests  in  the  forest  although  he  may  do  a  good 
d(‘.I  of  his  hunting  in  the  open.  The  speed  with  which  he  approaches 
his  prey  has  given  him  the  name  “blue  darter.”  He  preys  upon  all  kinds 


Fig.  39:14  A  common  forest 
bird,  a  flicker  {Colaptes,  class  Aves, 
order  Piciformes)  approaching  its 
nest  hole  in  the  trunk  of  a  tree. 
Photograph  by  L.  W.  Brownell. 


768  ANIMALS,  PLANTS  IN  RELATION  TO  ENVIRONMENT  Ch.  39 

of  birds,  some  as  large  as  himself,  and  many  small  mammals  including 
rabbits  and  squirrels.  The  nest  is  usually  in  a  tall  tree  in  some  secluded 
spot  and  is  frequently  occupied  for  a  number  of  years  in  succession. 
Owls  are  active  at  night.  Their  soft  loose  plumage  makes  their  flight  and 
movements  noiseless.  Their  large  eyes  directed  forward  enable  them  to 
hunt  in  the  dark.  During  the  day  they  remain  concealed.  The  great 


Fig.  39:15  Wild  turkey  {.\feleagris,  class  .^ves,  order  Galliformes),  female.  Photograph 
by  L.  W.  Brownell. 

horned  owl  prefers  the  deep  forest  and  comes  out  only  to  hunt.  He  is 
very  fond  of  rabbits  but  also  preys  on  grouse  and  will  take  a  chicken. 
The  eggs  are  laid  early  in  the  spring  in  a  hollow  tree  or  in  an  old  hawk 
or  crow  nest. 

The  wild  turkey  (Fig.  39:15)  is  a  good  example  of  a  permanent 
resident  which  lives  mainly  on  the  ground.  It  is  a  relative  of  the  domestic 
fowl  and  like  it  has  feet  adapted  for  scratching  and  perching  and  a  bill 
adapted  for  eating  seeds  and  hard  fruits.  When  America  was  discovered, 
the  entire  forested  region  from  Canada  to  the  Gulf  of  Mexico  was  in¬ 
habited  by  great  flocks  of  wild  turkeys.  They  are  not  good  fliers,  but 
their  large  size  insures  them  from  attack  by  the  smaller  forest  animals 
while  their  protective  coloring  enables  them  to  hide  in  the  underbrush 
from  their  larger  enemies  such  as  the  timber  wolf.  Their  scratching  feet 
enable  them  to  find  food  beneath  fallen  leaves  and  twigs.  When  the 
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snow  comes  and  covers  the  ground,  turkeys  take  to  the  trees  and  shrubs 
and  feed  on  buds. 

It  thus  becomes  evident  that  a  deciduous  forest  is  a  very  intimate 
and  intricate  community  containing  innumerable  relationships  between 
plants,  between  plants  and  animals,  and  between  animals.  Through 
their  interrelationships  the  abundance  or  scarcity  of  any  species  influ- 


Fig.  39: 16  Diagram  to  show  equilibrium  in  food  relations  in  a  forest  community.  The 
arrows  point  from  the  animal  or  plant  eaten  to  the  animal  which  eats  it.  After  Shelford 
from  Shumway,  Textbook  of  General  Biology  by  permission  of  John  Wiley  &  Sons,  Inc. 


ences  other  species  and  through  them  the  forest  as  a  whole.  Every  animal 
and  plant  has  its  place  or  niche  in  the  forest,  and  nothing  is  out  of  place 
except  when  something  occurs  to  upset  the  balance.  It  sometimes  hap¬ 
pens  that  a  species  of  plant  or  animal  is  introduced  into  a  community, 
while  its  enemies  are  not  simultaneously  introduced.  The  introduced 
species  then  becomes  numerous.  When  the  community  is  free  from  out¬ 
side  innuenccs  such  as  that  of  the  lumberman  or  the  hunter,  an  equilib¬ 
rium  exists  and  the  numbers  of  each  kind  of  plant  or  animal  remain 
approximately  the  same.  This  is  due  to  the  food  cycle  which  is  repre¬ 
sented  in  Fig.  39:16.  In  the  center  of  the  figure  are  the  green  plants 
since  they  are  the  primary  source  of  food. 


B.  LIFE  ON  A  PRAIRIE  OR  GRASSLAND 

W('st  of  (h(‘  d(‘eiduous  forest  and  extending  westward  to  the  Rockies, 
northward  into  Canada,  and  southward  to  the  Gulf  of  Mexico  are  the 
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great  plains  or  prairies  formerly  covered  with  grass,  now  mostly  culti¬ 
vated  land.  In  general  the  prairies  are  regions  of  less  rainfall  (20  to  40 
inches  per  year),  wider  extremes  of  temperature  ( —  50°F  in  winter  in 
lower  Canada  and  120°F  in  summer  in  the  southern  United  States), 
and  deeper  soil  than  the  forests.  Moisture  tends  to  sink  deeper  into  this 
deeper  soil.  As  a  result  of  this  and  the  lesser  rainfall  the  surface  of  the 
land  remains  relatively  dry.  Characteristic  of  the  prairie  and  largely 


Fig.  39: 17  of  a  prairie.  Mi.xcd  prairie  in  the  sand  hills  of  Nebraska,  dominated 

by  tall  prairie  grasses.  From  Raymond  J.  Pool,  Basic  Course  in  Botany,  Ginn  and  Company. 

responsible  for  the  other  forms  of  life  existing  there  are  various  kinds  of 
grasses  and  the  absence  of  trees.  Grasses  are  adapted  to  the  relatively 
dry  climate  of  the  prairie  by  their  narrow  leaves  and  long  branching 
fibrous  roots.  The  fact  that  the  part  above  ground,  i.e.,  leaves  and  stem, 
dies  down  adapts  them  to  the  cold  winters  that  follow  the  warm  summers 
on  the  great  plains  (Fig.  39:17). 

The  numerous  species  of  grasses  which  occur  over  the  prairies  may 
be  grouped  into  two  main  types  —  the  tall  grasses  and  the  short  grasses. 
In  the  eastern  and  more  humid  regions  of  the  prairie  the  tall  grasses  are 
more  abundant.  Common  species  are  speargrass,  bluestem,  dropseed, 
and  wheat  grass.  In  the  western  and  drier  portions  of  the  prairie,  known 
as  the  Great  Plains,  short  grasses  are  more  abundant.  Common  species 
of  these  are  the  buffalo  grass  and  grama  grass.  These  low  grasses  form  a 
tough  sod  which  may  be  continuous  over  large  areas. 

Mixed  with  the  grasses  and  benefiting  from  their  soil-forming  ability 
are  other  herbs,  Sorne  of  these,  such  as  the  ground  plum,  the  false  indigo, 
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the  bird-foot  violet,  and  the  spiderwort  bloom  in  the  spring,  others  like 
the  sunflower  bloom  in  midsummer,  while  various  species  of  goldenrod, 
asters,  wormwood,  and  ironweed  flower  in  the  late  summer  or  autumn. 

Conditions  on  a  prairie  are  very  different 
from  those  in  a  forest.  This  is  especially  the 
case  for  the  larger  and  medium-sized  animals. 

There  is  no  shelter  on  the  prairie  to  protect 
them  from  the  blazing  sun  of  summer  or  the 
driving  storms  of  winter ;  no  trees  for  them  to 
climb  or  hide  behind  when  pursued  by  an 
enemy.  To  escape  they  must  either  run  away 
or  burrow  in  the  ground.  Prairie  animals  are 
therefore  usually  good  runners  or  good  bur- 
rowers.  On  the  level  land  a  carnivore  can  see 
its  prey  at  a  great  distance;  and  the  prey,  too, 
if  it  is  on  the  alert  can  see  its  enemies.  Hence 
orairie  animals  usually  have  big  keen  eyes 
which  are  directed  sidewise  so  that  between 
them  they  can  cover  a  wide  held.  The  burrow¬ 
ing  animals  of  the  prairie,  when  out  of  their 
ourrows,  often  sit  upright  so  that  they  can  get 
a  better  view.  Sounds  travel  far  on  the  prairie,  and  many  prairie  animals 
show  an  adaptation  to  this  in  their  large  ears  with  which  they  are  able 
to  pick  up  warning  sounds.  Many  prairie  animals  are  gregarious.  By 

.  uniting  in  herds  or  flocks 
they  can  better  protect 
themselves  from  enemies 
and  by  having  sentinels 
always  on  the  lookout  they 
can  more  readily  get  warn¬ 
ing  of  danger.  Protective 
coloration  is  well  devel¬ 
oped  in  prairie  animals. 

The  most  characteristic 
small  mammals  of  the 


Fig.  39:18  A  typical  ro¬ 
dent  of  the  prairies,  a 
prairie  dog  {Cynomys,  class 
Mammalia,  order  Ro- 
dentia)  on  the  lookout  near 
its  hole.  Photograph  by 
J.  W.  Mavor. 


"ig.  39:19  A  badger  {Taxn/ea,  class  Mammalia,  prairies  are  the  ground 
)rcl,T  (:arnivora).  I'l.olOKrapl.  by  the  U.  S.  Bureau  their  rela- 

)l  Ihologieal  Siirv(‘y.  i  i 

tives.  These  animals  bur- 

'ow  under  tli('  ground,  making  intricate  mazes  of  tunnels.  They  feed 
in  insects,  grnss,  s(‘(‘ds,  berries,  roots,  and  herbage.  Like  most  of  the 
uiinials  ol  tlu^  prairie  they  get  all  of  the  water  they  need  in  their  food 
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and  rarely  if  ever  drink.  In  their  burrows  they  store  up  food  which  they 
eat  in  the  spring  after  they  have  come  out  of  their  winter  hibernation. 

Familiar  objects  on  the  great  plains  arc  the  prairie  dogs  (Fig.  39:18), 
not  dogs  at  all  but  actually  a  kind  of  ground  squirrel.  One  of  their 
“towns”  may  cover  100  or  more  acres  and  consist  of  numerous  mounds, 
each  one  the  entrance  to  a  tunnel  which  may  go  down  10  or  14  feet  to  a 
burrow.  The  animals  arc  active  during  the  day  and  prefer  the  bright 
sun.  One  or  more  of  their  number  act  as  sentinels  and  the  whole  town 
takes  to  its  burrows  when  warned  of  the  approach  of  an  enemy.  They 
cat  almost  any  vegetable  material,  root,  stem,  leaves,  or  fruit,  and  soon 
strip  the  area  occupied  by  their  towns  of  all  vegetation. 


Fig.  39:20  Prairie  chickens  {Tympanu- 
chus,  class  Aves,  order  Galliformes). 
Photograph  by  the  U.  S.  Bureau  of  Bio¬ 
logical  Survey. 


Fig.  39:21  A  burrowing  owl  (Speotyto, 
class  .Aves,  order  Strigiformes).  Note  the 
large  feet  and  the  small  head,  both  adap¬ 
tations  for  burrowing.  Photograph  by 
the  U.  S.  Bureau  of  Biological  Survey. 


Another  characteristic  rodent  of  the  grassland  is  the  prairie  meadow 
mouse,  or  vole.  These  animals  make  tunnellike  passageways  with  well- 
worn  paths  in  the  heavy  undergrowth.  They  are  active  only  at  night. 
They  feed  on  the  vegetation  and  eat  all  parts  of  the  plants  but  they  also 
eat  insects,  especially  grasshoppers  and  beetles.  During  the  winter  they 
remain  active,  moving  over  the  surface  of  the  snow.  They  are  exceed¬ 
ingly  prolific,  a  single  pair  producing  numerous  litters  in  a  year.  The 
prairie  meadow  mouse  is  fed  upon  by  almost  all  the  carnivores  of  the 
prairie  —  coyotes,  badgers,  hawks,  owls,  and  snakes. 

The  badger  (Fig.  39:19),  whose  fur  is  used  in  coats  and  shaving  brushes, 
is  well  adapted  to  live  in  the  grassland.  Unlike  many  carnivores  he  is 
heavily  built  and  adapted  for  burrowing,  with  a  small  pointed  head,  a 
stout  flat  body,  powerful  front  legs,  and  long  claws.  He  hunts  in  the 
burrows  of  other  animals,  digging  out  ground  squirrels  and  prairie  dogs. 
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usually  in  the  evening.  In  the  northern  part  of  his  range  he  hibernates 
during  the  winter. 

The  prairie  chicken  (Fig.  39:20),  once  abundant  but  now  unfortunately 
quite  rare,  is  a  good  example  of  a  bird  of  the  grassland.  As  its  name  im¬ 
plies,  it  is  somewhat  like  a  chicken.  Its  mottled  coloration  makes  it  almost 
invisible  in  the  grass.  Its  food  in  the  spring  and  early  summer  is  chiefly 


c  l.iss  Rcplilia,  oi\.cr  c^quamata,  suborder  Ophidia) 
lMu;tograph  by  the  New  York  Zoological  Society. 


liull  siial<<-  (Pilmifth/ 
akc  ol  ill'-  pr.iiri'-s.  I 


Fig.  39:22 
a  coiiinioii 


made  up  ol  insects.  .\s  llie  summi'r  advances  and  the  grass  seeds  ripen, 
it  turns  Kj  lliese  and  feeds  almost  exelu.sively  on  them.  In  the  fall  of  the 
year  the  birds  galh.T  in  (loeks  in  and  under  the  low  shrubs  and  trees 
dial  border  (lie  i  ivers  and  streams  of  the  prairies  where  they  stay  during 


(he  winter,  feeding  on  berries  and  seeds. 

The  prairie  horned  lark  is  a  relative  of  the  European  skylark  of  poetic 
fame  and  is  eommon  on  (he  prairit's  in  winter.  It  spends  the  summer  in 
Newfoundland  and  north.-rn  Cana.Ia  and  comes  to  the  prairies  in  flocks 
in  the  tintnmn.  While  feeding  the  birds  of  a  flock  scatter  but  when  they 
take  Might  the  llo.  k  unites,  l.ike  many  prairie  birds  they  sing  while  on 

l•',ven^som<■  of  the  prairie  birds  take  to  burrows  like  other  animals  of 
(he  tn  asshnid.  I  Ik- burrowing  owl  (I'i.g.  3‘):2I)  makes  its  nest  in  a  burrow, 
olK-.l  using  on.-  form.  rly  oeeupi.-d  by  a  prairie  dog.  The  owls  live  on  the 
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outskirts  of  the  towns  of  the  prairie  dogs  and  feed  on  their  young  but 
will  also  eat  lizards,  insects,  and  other  small  animals.  Like  many  grass¬ 
land  animals  the  burrowing  owl  has  long  legs,  adapted  not  only  to 
burrowing  but  also  to  running  on  the  ground,  and  like  many  burrowing 
animals  it  has  a  rather  small  head. 

Snakes  find  a  livelihood  on  the  prairie  eating  prairie  dogs,  gophers, 
and  other  small  rodents,  and  the  eggs  of  birds.  One  of  these  is  the  bull 
snake  (Fig.  39:22).  This  is  one  of  our  largest  snakes,  reaching  a  length 
of  nine  feet.  It  is,  however,  a  harmless  and  indeed  a  very  useful  reptile 
destroying  many  small  animals  destructive  to  crops,  going  into  their 
burrows  and  swallowing  them  whole.  It  also  eats  birds’  eggs,  swallowing 
them  intact  and  breaking  them  by  contracting  its  throat  muscles. 


Fig.  39:23  A  small  group  of  .Vmcrican  buffalo  {Bison,  class  Mammalia,  order  Artio- 
dactyla).  Photograph  by  J.  W.  Mavor. 

Frogs  and  salamanders  are  rare  on  the  open  prairie,  their  moist  skins 
and  aquatic  breeding  habits  making  them  unfit  for  the  dry  climate. 

Insects,  on  the  other  hand,  are  numerous,  especially  plant-eating 
insects  such  as  grasshoppers,  leaf  hoppers,  beetles,  plant  bugs,  and  bees 
of  which  there  are  many  species.  Snails,  millipedes,  and  earthworms  are 
rare,  chiefly  because  of  the  lack  of  moisture. 

Most  of  the  larger  animals  of  the  prairie  are  ungulates,  or  hoofed 
mammals,  which  feed  on  the  grasses.  Grazing  animals  must  be  able  to 
grind  up  and  digest  the  hard  leaves.  The  grinding  is  done  by  the  back  teeth 
(molars  and  premolars)  which  are  large  and  ridged  on  top.  Their  work 
is  facilitated  by  the  long  jaws  which  can  be  moved  sidewise  and  back 
and  forth  as  seen  when  the  familiar  cow  is  chewing  its  cud.  The  stomachs 
of  such  animals  are  usually  somewhat  complicated  and  divided  into 
separate  chambers,  each  adapted  to  carry  out  some  special  part  of  the 
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digestive  process.  The  legs  are  usually  long,  and  the  muscles  of  the  upper 
parts  connecting  them  with  the  body  strongly  developed  for  running. 
The  number  of  digits  is  usually  reduced  (the  horse  has  only  one  and  the 
bison  but  two  on  each  foot)  and  the  digits  carry  hoofs  in  place  of  claws. 
A  special  defensive  weapon  in  the  form  of  horns  has  been  developed  in 
some  species. 

All  of  these  adaptations  are  well  shown  in  the  buffalo  (Fig.  39:23). 
Buffaloes  roamed  in  great  herds  over  the  prairies  before  the  white  man 
came.  They  are  now  extinct  in  the  wild  state  and  survive  only  in  semi¬ 
domestication  on  protected  ranges.  The  less-populated  prairie  lands  of 
Africa  are  still  the  home  of  great  herds  of  zebras,  gazelles,  and  wilde¬ 
beests. 

There  are  several  species  of  prairie  wolf,  usually  known  by  the  Spanish- 
American  equivalent,  coyote.  Coyotes  are  smaller  than  timber  wolves. 
They  live  in  underground  dens  often  of  considerable  size.  During  the 
summer  months  they  feed  chiefly  on  ground  squirrels,  prairie  dogs,  and 
mice.  In  the  winter  when  these  animals  are  in  their  burrows  they  turn 
to  birds  and  larger  animals. 

Life  on  a  prairie  is  centered  around  the  dominant  plants,  the  grasses, 
since  they  are  the  main  source  of  food  for  all  the  other  organisms  which 
make  up  the  community.  All  of  these  organisms  must  be  adapted  not 
only  to  the  physical  conditions  which  exist  on  the  prairie  but  also  to 
obtain  their  food  there  and  to  resist  or  avoid  their  enemies.  As  in  the 
case  of  the  forest  there  are  food  chains  —  plants  providing  food  for 
herbivores,  and  herbivores  food  for  carnivores.  Each  species  fits  into  a 
particular  niche  in  the  community. 

3.  LIFE  IN  FRESH  WATER 

The  proportion  of  the  earth’s  surface  covered  with  fresh  water  is  small 
compared  with  that  occupied  by  the  oceans  or  the  land.  Nevertheless 
plants  and  animals  of  the  fresh  water  are  of  great  interest  on  account  of 
their  many  adaptations  to  the  peculiarities  of  their  environment.  A  per¬ 
manent  fresh-water  pond  is  chosen  for  study.  In  general  a  permanent 
jKrnd  contains  a  greater  variety  of  life  than  one  which  dries  up  in  the 
summer.  Physical  conditions  have  a  marked  effect  on  the  life  of  a  pond. 
On  th(‘  whol(‘,  organisms  which  live  in  water  get  less  light.  Water  absorbs 
light  to  a  much  gn'ater  extent  than  air,  and  natural  bodies  of  water 
usually  contain  many  suspended  particles  which  add  greatly  to  this 
absorption.  L('ss  light  is  therefore  available  to  the  submerged  green 
y)lants  for  photosynthesis.  While  the  atmosphere  contains  about  20  per 


Fig.  39:24  Pond  life.  On  the  lily  pad  {Castalia,  order  Ranales)  in  the  foreground  is  a 
bullfrog  (Rana  catesbiana,  class  .\mphibia).  In  the  center  a  leopard  frog  {Rana  pipiens)  is 
resting  at  the  surface  of  the  water.  Pickerel-weed  {Pontederia,  class  Monocotyledoneae) 
thrusts  its  large  leaves  and  flowers  out  of  the  water  near  the  shore.  A  small  water  snake 
(class  Reptilia,  order  Squamata,  suborder  Ophidia)  crawls  over  some  lily  pads  behind 
the  bullfrog.  Another  bullfrog  on  the  shore  is  eating  a  water  snake.  Photograph  of  part  of 
a  habitat  group.  Reproduced  by  courtesy  of  the  American  Museum  of  Natural  History. 

green  plants  tend  on  the  whole  to  take  carbon  dioxide  from,  and  to  add 
oxygen  to,  the  water.  The  oxygen  given  off  by  green  plants  in  the  process 
of  photosynthesis  is  often  seen  in  the  bubbles  which  collect  on  the  leaves 
of  submerged  plants  or  in  masses  of  floating  pond  “scums”  {Spirogyra 
and  other  genera).  Because  bacteria  and  other  organisms  of  decay  may 
use  most  of  the  available  oxygen,  polluted  waters  often  contain  little  or 
practically  no  oxygen  and  so  are  unable  to  support  many  kinds  of  animal 
life.  The  chemical  composition  of  fresh  water  varies  with  the  kind  of 
soil  or  rocks  over  which  it  flows  and  this  in  turn  affects  the  organisms. 
The  amount  of  mud  or  other  fine  suspended  material,  by  determining 
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cent  oxygen  and  only  al:)Out  0.03  per  cent  carbon  dioxide  these  gases  ( 
dissolve  in  water  in  ver>^  different  proportions,  d'he  oxygen  content  of  ! 
pond  water  is  usually  under  5  cubic  centimeters  per  liter  or  less  than  a  j 
half  of  1  per  cent  by  volume  while  there  may  be  over  10  cubic  centi-  1 
meters  of  carbon  dioxide  per  liter  or  more  than  1  |x*r  cent.  The  propor-  I 
tion  of  the  two  gases  depends  to  a  considerable  extent  on  the  amount  of  j 
green  vegetation  and  animal  life  in  the  pond.  Under  normal  eonditions 
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the  penetration  of  sunlight,  affects  not  only  photosynthesis  in  plants  but 
also  affects  the  movements  and  habits  of  the  animals. 

Around  the  fringe  of  a  fresh-water  pond  in  the  shallow  water  are 
cattails  with  their  brown  spikes,  bur  reeds  with  their  fluffy  balls  of 
flowers,  bulrushes  with  their  long  narrow  leaves  and  the  pickerelweed 
(Fig.  39:24)  with  its  large  pointed  leaves  like  great  spear  heads.  Beyond 
this  zone  of  plants  which  live  partly  in  and  partly  out  of  water  the  surface 
□f  the  pond  is  covered  to  a  varying  distance,  depending  upon  the  depth, 
by  the  large  flat  floating  leaves  of  the  delicate  white  water  lily  or  the 
coarser  yellow  pond  lily  or  spatterdock.  The  large,  flat,  floating  leaves 


Fig.  39:25  Duckweed  {Lemna,  class  Monocotyledoneae,  order  Arales,  family  Limna- 
ccae)  floating  on  the  surface  of  a  i)ond.  Photograph  by  J.  W.  Mavor. 


3f  these  plants  arc  ol)viously  an  adaptation  to  life  in  this  part  of  the  pond. 
Further  from  the  shore  where  the  water  is  deeper  the  plants  are  either 
otally  submerged,  |)rcfcrring  as  it  were  to  retain  their  roots  in  the  muddy 
xjttom,  or  noat  freely  on  the  surface.  To  the  former  category  belong 
;he  sriecies  of  pondweeds  and  the  fresh-water  eelgrass,  a  pest  to  those 
^ho  try  to  swim  or  canoe  along  the  shore.  The  long  flexible  leaves  of 
the  eelgrass  move  with  the  water  and  hence  are  not  torn  by  waves. 
^noth(a•  subm<-rged  plant  is  FJodea,  a  form  often  used  in  the  laboratory, 
riie  bulls  ofsubinergeil  plants,  like  EMea,  are  not  covered  with  scales  as 
tho.s,-  of  land  plants  are.  Such  scales  serve  to  prevent  drying  m  land 
plants  and  would  have  no  use  in  water  plants^  To  the  freely  floating 
plants  belong  the  peculiar  iluekweeds  (Fig.  39:25)  which  ^ 

green  discs  M  inch  or  less  in  iliameti-r  but  which  are  in  reality  full-grown 

flowering  plants  as  are  all  of  the  species  named  so  far. 

( )ne  .nay  ask  how  it  happe.is  (hat  (lowering  plants  are  found  in  ponds 
when  th.-ir  stems,  l.-aves,  and  roots  and  their  method  of  reproduction 
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I'i; 

by  means  of  pollen  and  seed  show  that  their  structure  is  of  the  type  found  :| 
in  land  plants.  The  answer  is  that  their  ancestors  not  very  far  back  wen*  | 
land  plants;  but  that  they  invaded  the  water,  perhaps  because  they  wen!  j 


Fig.  39:26  A  sample  of  fresh-water  plankton  from  a  small  lake.  Note  the  spherical 
colony  of  Volvox  (phylum  Thallophyta,  subphylum  Algae,  class  Chlorophyceae).  Most 
of  the  organisms  are  either  desmids  or  diatoms.  Photograph  by  J.  \V^  Mavor. 

crowded  ofT  the  land,  and  became  readapted  to  it  without,  however, 
changing  the  fundamental  plan  of  their  structure  or  methods  of  repro¬ 
duction.  That  this  rcadaptation  occurred  in  most  cases  relatively  recently 


Fig.  39:27  On  the  left  a  muskrat  {Fiber ^  class  Mammalia,  order  Rodentia).  Photograph 
by  L.  W.  Brownell.  On  the  right  a  muskrat  house.  Photograph  by  J.  VV.  Mavor. 
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md  independently  is  shown  by  the  fact  that  many  different  orders  of 
lowering  plants  contribute  to  the  aquatic  life  of  ponds. 

Among  the  floating  plants  may  be  found  water  fernworts,  curious  rela¬ 
tives  of  the  familiar  ferns  but  rather  different  from  them  in  appearance, 
md  liverworts,  plants  related  to  the  mosses. 

With  very  few  exceptions  the  algae  which  occur  in  fresh  water  are 
either  blue-green  algae  or  green  algae.  Filamentous  plants  of  the  latter 
class  may  be  seen  at  or  near  the  surface  forming  dull  green  masses 
Duoyed  up  by  bubbles  of  oxygen.  Freely  floating  microscopic  forms 
(Fig.  39:26)  tint  the  water  green  or  brownish  green.  Branched  forms 
cover  the  submerged  stems  of  the  larger  plants  with  a  hairy  coat.  Stone- 


Fig.  39:28  Mallard  ducks  {Anas,  class 
Avcs,  order  Anscriformcs).  Male,  right, 
with  ornate  plumage.  Female,  left. 
Photograph  by  L.  W.  Brownell. 


Fig.  39:29  A  green  heron  {Butorides, 
class  Aves,  order  Ciconiformes).  Photo¬ 
graph  by  the  U.  S.  Bureau  of  Biological 
Survey. 


worts,  delicately  branching  green  algae,  often  called  candelabra  plants, 
^row  up  from  the  bottom  which  is  partly  covered  by  blue-green  algae 
and  diatoms. 

The  animal  life  of  a  pond  is  no  less  peculiar  than  the  plant  life.  The 
two  commonest  water  mammals  arc  the  muskrat  and  the  mink.  The 
muskrat  (k'ig.  39:27)  is  about  the  size  of  a  cat  and  has  the  general 
ap|)earance  of  a  large  mouse  or  rat.  It  is,  however,  adapted  to  an  aquatic 
existence;  the  hind  feet  ;irc  partly  webbed,  the  tail  is  flattened  vertically 
to  act  as  :i  rudder,  and  the  fur  sheds  water.  The  muskrat  makes  his  house 
in  a  marsh  in  lh<-  form  of  a  mound  built  of  the  roots  and  stems  of  rushes 
cattails,  and  other  pl.ants.  The  house  may  reach  a  size  of  5  feet  wide  and 
2  feet  high  and  contains  ;i  little  room  with  a  dry  floor  above  water  leve  . 
SouK-times  iusU-ad  of  b<-ing  built  in  water  the  house  is  made  by  burrow¬ 
ing  into  th<-  btmk  of  a  pond.  In  either  case  the  entrance  is  under  water. 
Muskrats  feed  on  roots  and  stems  but  will  cat  a  frog  or  fish  if  it  comes 
th<-ir  w;iy.  Minks  are  at  home  either  on  land  or  in  water.  They  are  long 
sh-nder  animals  and  are  .mtir.'ly  flesh  eating,  living  while  on  land  on 
inie<-  an.l  small  binis  and  while  in  the  water  on  fish,  crayfish,  and 
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other  aquatic  animals  which  they  catch  with  agile  snakelike  move¬ 
ments. 

'1  he  most  numerous  and  characteristic  of  the  water  birds  are  the  ducks. 
I'heir  boatlike  bodies  and  webbed  feet  placed  posteriorly  so  as  to  act 
most  cfTicicntly  as  paddles  make  them  well  adapted  to  move  over  the 
surfaces  of  ponds  and  lakes.  Game  ducks  like  the  mallard  (Fig.  39:28), 
the  flesh  of  which  is  highly  prized,  feed  on  plants  such  as  the  fresh-water  i 
eelgrass.  The  flesh  of  the  fish-eating  ducks  has  a  disagreeable  taste.  1 
Sandpipers  run  along  the  sand  or  mud  at  the  water’s  edge  searching  for 
titbits.  Occasionally  one  may  find  a  colony  of  black-crowned  night 
herons  or  a  little  green  heron  (Fig.  39:29)  and  from  a  distance  watch 


Fig.  39:30  A  water  snake  (.Va/r/.v,  class  Reptilia,  order  Squamata,  suborder  Ophidia) 
restiitg  after  a  meal.  Photograph  by  J.  \V.  Mavor. 


some  of  them  wading  with  their  long  legs  and  catching  fish  in  their  long 
sharp  beaks.  Kingfishers  prefer  the  banks  of  streams  where  they  watch 
for  their  prey  from  an  overhanging  }x)ugh  and  guard  their  fishing  ground 
from  encroachment  by  other  members  of  their  species;  but  they  may 
choose  a  pond  or  a  marsh.  Hovering  overhead  may  be  a  marsh  hawk, 
for  wherever  there  are  plant  eaters  there  are  also  flesh  eaters  to  devour 
them. 

As  one  approaches  almost  any  pond  one  looks  for  turtles,  especially 
if  there  are  logs  about.  One  of  the  commonest  species  is  the  painted  turtle 
(Fig.  3:25).  Another  turtle  common  in  ponds  and  marshes  is  the  snapping 
turtle. 

Turning  to  snakes,  one  of  the  commonest  in  eastern  North  America 
is  the  common  water  snake  (Fig.  39:30),  a  dull  olive  creature  which 
reaches  a  length  of  3  or  4  feet.  These  reptiles  lay  their  eggs  on  land. 


781 


\rt.  3  LIFE  IN  FRESH  WATER 


The  commonest  frog  of  the  ponds  of  eastern  North  America  is  the 
eopard  frog,  the  tadpoles  of  which  usually  occur  in  large  numbers 
luring  the  late  spring  and  summer,  at  the  end  of  which  time  they  change 
nto  the  adult.  Bullfrogs  and  their  tadpoles  are  not  uncommon.  The 
atter  do  not  change  into  frogs  until  the  second  or  third  year.  Tadpoles 
ire  usually  vegetable  feeders  while  most  frogs  feed  on  insects. 

Adults  of  the  spotted  newt  are  often  common  in  fresh-water  ponds. 
\fter  changing  from  a  tadpole  resembling  that  of  a  frog  and  coming  out 
if  the  water  onto  the  land,  this  tailed  amphibian  spends  its  youth  in  the 


Fig.  39:31  A  p'-n  h  class  Ostcichlhycs,  siilKlass  Actinopterygii,  order  Teleostei). 

Photograph  by  John  (i.  Shcdd  Acjuariuin,  (irant  Park,  Chicago,  Illinois. 


forest  as  a  l)riglil  vennilioii-eolorecl  salamander.  Later  it  changes  ly 
color  to  a  dull  green  and  lakes  again  to  a  fresh-water  pond  where  it 

broods.  .  1  1  •  r 

( )no  is  i.K  lined  to  think  of  fish  as  the  most  important  inhabitants  ot  a 

|)on(l.  '\  hr  yellow  poroh  is  oft(‘n  common  in  fresh-water  ponds  and  small 
lakes  (lug.  :^'):31).  It  feeds  on  worms,  insects,  and  smaller  fishes.  Perch 
are  aclive  during  the  wiuler  anti  are  often  caught  through  the  ice.  There 
are  many  kinds  of  sunlish,  or  “pumpkinsccds.”  Most  of  them  feed  near 
the  sui  f.iee  on  (loating  <>r  .swimming  organisms.  More  interesting  to  t  e 
hsh.  rman  an-  the  small-mouth.-<l  black  bass  and  the  large-mouthed 
hla.  k  bass.  The  s,uall-inouthe.l  black  bass  is  the  smaller  fish.  Both  species 
are  e.u  uivorous  ,u.d  feed  on  otlwr  (ish.  All  of  the  fish  ment  oned  above 
are  w.  II  proteeted  bv  spin.'S  anil  lik.-  most  fishes  arc  light  colored  on  the 
„nd,-r  si.h-  which  mak.-s  them  l.-ss  l  ouspieuous  to  an  enemy  looking  up 
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from  below.  Several  species  of  catfish  occur  in  fresh  water,  the  most 
widely  distributed  of  which  is  probably  the  common  bullhead.  The 
name  “catfish”  owes  its  origin  to  the  barbels  or  “feelers”  which  surround 

the  mouth  and  arc  kept  constantly 
in  motion  as  the  fish  swims  leisurely 
over  the  bottom  of  the  pond.  Cat¬ 
fish  arc  omnivorous  and  feed  dur¬ 
ing  both  day  and  night. 

The  most  conspicuous  and  the 
more  active  of  the  small  animals 
of  a  pond  arc  the  arthropods  or 
jointcd-lcggcd  animals.  One  group 
of  these  is  the  Crustacea  to  which 
the  crayfish  (Fig.  39:32)  belongs. 
This  animal  closely  resembles  a 
small  lobster  and  is  one  of  our 
largest  fresh-water  crustaceans.  It 
lives  under  stones  and  among  the 
roots  of  aquatic  plants,  feeding  on 
smaller  animals.  But  the  smaller 
Crustacea  arc  the  more  numerous, 
some  of  the  commonest  being  water  fleas,  copepods,  ostracods,  scuds, 
and  sow  bugs.  The  water  flea  rows  itself  through  the  water  with  a 
pair  of  relatively  enormous  antennae.  Copepods  (the  name  means  “oar- 
footed”)  are  little  fellows  with  large 
heads,  tapering  bodies,  and  a  Cyclo¬ 
pean  eye.  They  dart  about  with  tan¬ 
talizing  rapidity,  the  females  carry¬ 
ing  two  large  egg  sacs,  one  on  cither 
side  of  the  tail.  Ostracods  (literally 
“enclosed  in  a  shell”)  are  small  egg- 
shaped  animals  which  creep  over  the 
decaying  vegetation.  Scuds  are  little, 
laterally  compressed  crustaceans  with 
arched  backs  which  glide  through 
the  water  and  cling  to  plants.  Sow 
bugs  look  like  miniature  armadillos  and  crawl  rather  than  swim. 

Usually  the  most  conspicuous  of  the  smaller  animals  in  and  around  a 
pond  are  insects.  Insects  are  primarily  land  animals  which  breathe  air. 
Those  which  live  in  water  have  taken  secondarily  to  this  habitat  and 
were  evolved  first  as  air-breathing  animals  on  land,  just  as  the  flowering 


Fig.  39:33  Dragonfly  nymph  (class 
Insecta,  order  Odonata).  Photograph  by 
L.  W.  Brownell. 


Fig.  39:32  A  crayfish  {Cambariis,  phylum 
Arthropoda,  class  Caustacca).  Photograph 
by  1..  W.  Brownell. 
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Dlants  of  the  pond  were  first  land  plants.  This  is  indicated  by  their  mode 
T  breathing  which,  like  that  of  all  other  insects,  is  by  means  of  air  tubes. 
The  insects  which  are  found  in  ponds  are  usually  in  a  larval  or  immature 
stage  which  is  often  quite  unlike  the  adult  which  lives  on  land.  Especially 
:ommon  are  the  young  stages,  called  nymphs,  of  dragonflies  (Fig.  39:33), 
[quaint  creatures  with  the  lower  part  of  the  mouth  (labium)  hinged  and 
modified  to  form  a  relatively  enormous  scoop  with  which  they  capture 
ather  small  animals.  The  adult  dragonflies  (Fig.  24:9)  are  familiar  objects 
in  the  vicinity  of  ponds  during  the  late  spring  and  summer.  The  larvae 
of  various  kinds  of  flies  including  mosquitoes  and  midges  may  also  be 
common.  Adult  pond  insects  include :  the  water  striders,  or  water  skaters, 
curious  long-legged  creatures  which  run  over  the  surface  of  the  water, 
kept  up  by  surface  tension ;  back  swimmers  which  hang  from  the  surface 
with  their  heads  downward  and  their  long  hind  legs  stretched  out  like 
oars;  waterbugs  like  the  giant  electric-light  bug  which  moves  about 
among  the  vegetation  devouring  other  insects  and  even  young  fish,  and 
gets  its  name  from  the  fact  that  it  frequently  leaves  the  water  and  is  then 
attracted  by  electric  lights;  and  the  diving  beetles. 

Spiders  and  mites,  each  with  four  pairs  of  walking  legs  (insects  have 
three  pairs),  are  land  animals  but  a  few  species  have  become  aquatic 
and  arc  found  in  ponds. 

Two  groups  of  mollusks  occur  in  fresh  water  —  mussels  and  snails. 
Fresh-water  mussels  or  clams  burrow  in  the  sandy  bottoms  of  small  lakes, 
ponds,  and  the  backwaters  of  streams.  The  snails  crawl  over  the  vegeta¬ 
tion  on  which  they  feed.  One  kind  which  keeps  near  the  surface  breathes 
by  means  of  “lungs”  like  a  land  snail  and  must  come  to  the  surface  for 
air.  Another  kind  breathes  by  means  of  gills  and  remains  below. 

The  worms  include  leeches  and  the  tube  worms  which  live  on  the 
bottom  in  tubes  from  which  their  bodies  project  and  wave  about. 
Roundworms  abound  and  planarians  (Fig.  3:13)  may  be  seen  swimming 
through  the  water  with  a  graceful  undulatory  motion,  but  this  group  of 
animals  is  usually  more  abundant  in  streams.  Moss  animals  occur  in 
fresh  water;  their  colonies  like  large  masses  of  jelly  are  often  attached  to 
floating  vegetation.  I’he  fresh-water  hydra  (Fig.  2:7)  attaches  itself  to 
acjuatic  plants.  Its  occurrence  is  somewhat  irregular  and  seasonal  but  it 
is  frecjuendy  not  uncommon.  In  recent  years  fresh- water  jellyfish  have 
be(‘n  re('ord(‘d  from  a  number  of  localities.  Fresh-water  sponges  are 
found  altaelu'd  (o  submerged  stems  or  dead  logs. 

Under  (he  microscope  a  drop  of  pond  water,  preferably  one  taken 
from  n(*ar  (he  bottom  or  among  the  vegetation,  shows  a  new  and  quite 
dilferent  world  of  life.  Tiny  wheel  animalcules  or  rotifers  (Fig.  3:15) 


784  ANIMALS,  PLANTS  IN  RELATION  TO  ENVIRONMENT  Ch.  39 

move  about  among  the  filaments  and  leaves  of  the  water  plants.  They 
are  scarcely  larger  than  some  of  the  unicellular  animals  with  which  they 
may  easily  be  confused.  The  latter  are  perhaps  the  most  interesting  of  all 
the  fresh-water  creatures  because  they  are  so  strange  and  different  from 
those  one  is  accustomed  to  see  with  the  unaided  eye.  They  will  not  bt^ 
considered  in  detail  here  but  it  should  be  noted  in  passing  that  they  arc 
an  important  source  of  food  for  the  other  small  animals  of  the  pond  and 
indirectly  for  the  larger  animals  which  feed  on  these  smaller  animals. 


Fig.  39:34  Diagram  to  show  equilibrium  in  food  relations  of  a  lake  or  pond  community. 
The  arrows  run  from  the  organisms  us<'d  as  frxxl  to  those  which  prey  upon  them.  The 
Sphaeridae,  mussels,  Physae,  and  Limneae  are  mollusks;  the  Am[)hipods  and  Ento- 
mostraca  are  crustaceans,  .After  Shelford  from  WoodrufT,  Foundations  oj  Biology^  I'he  Mac¬ 
millan  Company. 

If  a  fine  silk  net  is  towed  from  a  rowboat  just  below  the  surface  a 
sample  of  the  plankton  of  the  pond  or  lake  will  be  obtained  (Fig.  39:26). 
By  “plankton”  is  meant  the  animals  or  plants  which  live  suspended  in 
the  water  and  which  are  either  too  small  or  lacking  in  the  power  of  loco¬ 
motion  to  move  about  extensively  under  their  own  power.  The  plankton 
will  undoubtedly  contain  a  number  of  species  of  desmids,  one  or  more 
species  of  blue-green  algae,  and  small  Crustacea  and  unicellular  animals. 

In  a  pond,  as  in  a  forest  or  on  a  prairie,  there  are  intimate  relation¬ 
ships  between  the  different  plants  and  animals.  Food  chains  (Fig. 
39:34)  are  maintained  just  as  they  are  in  the  forest  and  on  the  prairie, 
and  each  species  fits  into  a  certain  place  in  the  community. 

4.  LIFE  IN  THE  SEA 

The  sea  may  have  been  the  first  real  home  of  abundant  life.  The  sea 
contains  a  greater  variety  of  algae  and  a  greater  variety  of  animal  life 
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lan  any  other  part  of  the  world  and  it  contains  examples  of  all  of  the 
lost  primitive  forms  of  life.  There  is  evidence  that  nearly,  if  not  all,  of 
he  animals  which  now  live  in  fresh  water  or  on  land  came  there  from  the 
ea  and  passed  through  the  earlier  stages  of  their  evolution  in  the  sea. 

Striking  features  of  the  sea  as  an  environment  are  the  salt  content 
f  the  water,  the  tides,  and  the  ocean  currents.  The  salt  content  of  sea 
^ater  is  about  3.5  per  cent  by  weight  of  which  2.7  is  common  salt  (NaCl). 
Te  effect  of  the  tides  is  felt  chiefly  on  the  seashore  and  near  the  shore 
v^here  the  water  goes  (ebbs)  and  comes  (flows).  Ocean  currents  affect 
he  distribution  of  floating  organisms. 


A.  LIFE  ON  THE  SEASHORE 


The  ebb  and  flow  of  the  tides  twice  in  24  hours  at  varying  times  of 
he  day  or  night  creates  a  region  along  the  coast  called  the  tidal  zone 
vhich  during  low  tide  is  part  of  the  land  and  during  high  tide  part  of  the 
ea.  The  plants  and  animals  which  live  in  this  zone  must  either  move 
vith  the  tide  or  be  adapted  to  a  sudden  and  violent  change  in  their 
environment.  The  tides  also  cause  currents  to  flow  to  and  from  and  along 
he  shore.  In  addition,  the  waves  of  the  restless  ocean  pound  every  ex¬ 
posed  promontory  or  strand. 

Waves,  combined  with  wind  and  rain,  wear  down  the  rocks  of  the 
:oast,  making  of  them  first  pebbles  and  later  sand  to  be  spread  out  in 
ea  beaches.  At  the  mouths  of  rivers  and  in  protected  bays,  mud  washed 
rom  the  land  combines  with  the  sand  to  form  mud  flats  over  which  the 
ide  may  ebb  and  flow  for  miles.  Thus  the  seashore  provides  many  differ¬ 
ent  types  of  habitat.  Life  on  a  rocky  shore,  a  sandy  beach,  and  a  sand 
ind  mud  flat  will  be  dcscrilK'd. 


(1)  A  ROCKY  SEASHORE 

The  plants  (jr  animals  which  live  on  rocky  shores  (Fig.  39:35)  within 
he  lidiil  /.one  are  usually  either  permanently  attached  to  the  rocks  or  are 
apal.le  of  te.nportiry  attt.clmient.  In  this  way  they  avoid  being  washed 
w;iy  by  the  tide  or  dashed  to  pieces  against  the  rocks  by  the  waves_ 
The  uuist  stiecessful  algae  are  the  rockweeds  or  bladderworts  (Fig 
,9:42)  which  for..,  th,-  b.ow.i  slippery  carpet  over  the  rocks  of  the  tidal 
one  familiar  to  thus.-  who  have  walked  along  the  seashore.  This  is  one 
,f  th,-  brown  alga,-,  a  group  which  is  esp<-cially  abundant  on  the  seashore 
u„l  in  the  .shallow  wat,-r  t.lf  shore.  The  tough  thallus  of  the  plant  is 
„v,-r,-,l  with  a  thi,  k,  r,-sistant  .-utiele  which  prevents  it  from  drying  up 
vl„-„  tl„-  till,-  f,.,  s  out.  'I'he  bhidd,-r.s,  the  contents  of  which  are  chiefly 
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Fig.  39:35  General  view  of  rocky  shore,  Mount  Desert  Island.  Photograph  by  J,  W. 
Mavor. 


Fig.  39:36  On  the  left,  a  photograph  of  a  model  of  a  barnacle  with  its  appendages 
thrust  out,  reproduced  by  courtesy  of  the  American  Museum  of  Natural  History,  New 
York.  On  the  right,  barnacles  {Balanus,  phylum  Arthropoda,  class  Crustacea)  and  young 
mussels  {Modiolus,  phylum  Mollusca,  class  Pelecypoda)  are  competing  for  space  on  a 
rock.  Photograph  by  J.  W.  Mavor. 


Art.  4  LIFE  IN  THE  SEA  787 

carbon  dioxide  gas,  serve  to  float  the  otherwise  rather  heavy  plant  body. 
With  the  rockweed  there  often  occurs,  especially  near  where  fresh  water 
flows  into  the  sea,  a  bright  green,  leaflike  alga  called  sea  lettuce  or  sea 
cabbage.  Only  a  few  of  the  higher  plants  are  able  to  live  in  salt  water 
and  none  of  these  occur  on  rocky  shores. 

Just  below  high- tide  mark  the  more  exposed  rocks  are  covered  with 
white  barnacles  (Fig.  39:36).  The  sharp-pointed,  calcareous  shells  of 


Fig.  39:37  A  group  of  black  mussels 
{Modiolaria,  phylum  Mollusca,  class 
Pelecypoda).  Photograph  by  L.  W. 
Brownell. 


Fig.  39:38  An  oyster  drill  {Urosalpinx, 
phylum  Mollusca,  class  Gastropoda)  in 
the  act  of  laying  eggs  in  capsules  which 
show  as  the  numerous  little  white  flask¬ 
shaped  structures  in  the  picture.  Photo¬ 
graph  by  J.  W.  Mavor. 


these  animals  will  cut  deep  into  the  flesh  of  the  unwary  bather.  When 
under  the  water  and  not  disturbed,  the  conical  shells  open  and  disclose 
the  delicate  plumelike  appendages  of  a  crustacean.  These  animals  pro¬ 
duce  a  free-swimming  larva,  not  unlike  that  of  a  crab  or  lobster.  The 
larva  attaches  itself  by  its  back  to  a  rock  and  forms  a  shell  from  which 
its  appendages,  now  grown  plumelike,  are  protruded.  These  appendages 
create  a  current  of  water  which  wafts  microscopic  plants  and  animals 
into  its  mouth. 

Competing  with  the  barnacles  for  “standing  room”  on  the  rocks  are 
numerous  small  mussels  (Fig.  39:37)  attached  to  the  rock  by  tangled 
masses  of  fine  threads.  When  covered  by  the  tide  these  bivalved  mollusks 
open  their  shells  and  feed  upon  the  microscopic  animals  and  plants 
abundant  in  sea  water.  The  sedentary  life  of  mussels  is  no  more  peace¬ 
ful  than  (hat  of  any  of  the  other  inhabitants  of  the  rocky  shore.  The  pur- 
pl(‘  s(‘a  snail  moves  among  them  covering  their  shells  with  its  large  foot 
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Fig.  39:39  A  chiton  {Chiton^  phylum 
Mollusca,  class  Amphincura)  crawling 
over  a  rock  on  which  there  are  three 
tubes  of  segmented  worms  {Hydroides^ 
phylum  Annelida,  class  Clhactopoda, 
order  Polychaeta).  Photograph  by  J.  \V. 
Mavor. 


Fig.  39:40  A  starfish  {Asterias^  phy¬ 
lum  Echinodermata,  class  Asteroidca), 
viewed  from  the  upper  or  aboral  surface. 
Numerous  fine  white  tube  feet  extend  out 
from  the  arms.  Photograph  by  J.  W. 
Mavor. 


Fig.  39:41  A  tide  pool.  The  tide  has  receded  and  left  the  rocks  covered  with  rockweed 
(Fucus).  Photograph  by  J.  W.  Mavor. 
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vhich  it  can  swell  so  as  almost  to  cover  its  own  shell  too.  With  a  sharp 
ilelike  tongue  or  radula  it  drills  a  hole  in  a  mussel  shell  and  then  sucks 
he  soft  body  of  the  unfortunate  victim  through  it.  The  natural  home  of 
he  oyster  is  among  the  rocks  although  it  is  usually  cultivated  on  sand 
ind  mud  flats.  It  is  also  a  bivalved  mollusk,  one  of  the  valves  being 
irmly  cemented  to  a  rock  or  stone  and  the  other  valve  raised  when  the 
;hell  is  opened.  The  oyster  feeds  much  in  the  same  way  as  the  mussel. 


Fig.  39:42  Periwinkles  {Littorina,  phylum  Mollusca,  class  Gastropoda)  browsing  on 
rockweed  (Fucus).  Photograph  byj.  W.  Mavor. 


.ike  the  mussel,  it  has  its  arch  enemy,  the  oyster  drill  (Fig.  39:38),  which 
Irills  through  its  shell  and  enjoys  a  raw  meal,  anticipating  the  human 

picure.  ,  , 

The  little  limpets,  boat  shells,  and  silver  shells,  although  less  numerous 
han  the  above,  always  arouse  interest.  They  are  snaillike  creatures  m 
vhich  the  shell,  instead  of  being  coiled  like  that  of  a  snai ,  as  t  ® 

)f  a  low  cone.  The  animals  protect  themselves  from  enemies  and  te 
veathcr  by  adhering  firmly  to  the  rock  so  that  they  appear  at  first  sig 
:o  be  a  part  of  it.  Somewhat  similar  in  appearance  are  the  chitons 
Fig.  39:39),  primitive  mollusks  with  the  shell  made  up  o  a  ° 

^andlike  plat cs.  They  also  protect  themselves  by  adhering  firmly  to  the 

'ocks  so  that  only  the  shell  plates  are  exposed.  .  .  , 

Starfishes  (Fig.  39:40)  and  sea  urchins  (Fig.  3:17)  move  about  ove 
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the  rocks  but  are  capable  of  adhering  firmly  by  means  of  their  peculiar 
tube  feet.  Starfish  feed  on  mussels,  small  fish,  and  almost  any  small 
animal  they  can  catch.  In  the  case  of  a  mussel  or  other  bivalve  the 
struggle  is  one  of  endurance.  The  starfish  attaches  its  arms  to  the  mussel 
by  its  tube  feet  and  gradually  pulls  the  valves  apart.  Then  the  stomach 
of  the  starfish  is  everted,  passes  into  the  shell,  and  surrounds  the  soft 
body  of  the  mussel  or  oyster.  Here  digestion  takes  place  and  the  digested 
materials  pass  into  the  starfish.  Sea  urchins,  a  little  larger  than  golf  balls 


Fig.  39:43  A  hermit  crab  {Pagurus,  phylum  Arthropoda,  class  Crustacea).  On  the  left 
the  crab  is  out  of  its  shell  and  its  long  coiled  abdomen  shows.  On  the  right  the  same 
crab  is  in  its  borrowed  shell.  Photograph  by  J.  VV.  Mavor. 


and  about  the  same  shape  but  with  sharp  spines  radiating  out  in  all 
directions,  feed  on  the  various  plants  and  animals  which  cover  the  sur¬ 
face  of  the  rocks.  Surrounding  the  mouth  of  the  sea  urchin,  which  is  on 
its  under  side,  are  five  sharp  teeth  connected  by  muscles  with  a  compli¬ 
cated  skeletal  structure  known  on  account  of  its  discoverer  as  “Aristotle’s 
lantern.”  When  feeding,  these  teeth  cut  out  a  circular  piece  of  food  which 
is  pushed  through  the  mouth  and  into  the  stomach. 

There  is  probably  no  more  fascinating  spot  on  the  seashore  nor  one 
which  offers  a  better  opportunity  to  study  shore  life  than  a  tide  pool 
(Fig.  39:41).  Here,  sheltered  from  the  waves  and  the  going  and  coming 
of  the  tide,  flourishes  a  busy  and  varied  world  of  little  creatures.  Peri¬ 
winkles  or  acorn  snails  (Fig.  39:42)  adhere  in  clusters,  feeding  for  the 
most  part  on  the  rockweed.  Hermit  crabs  (Fig.  39:43)  scurry  about  in 
the  shells  of  periwinkles  or  other  small  sea  snails,  for  they  make  no  shells 
of  their  own  and  must  find  shells  to  fit  their  peculiar  elongated  and  coiled 
bodies.  Upon  the  shell  of  their  adoption  a  colony  of  small  and  delicate 
hydroids  makes  its  abode,  disguising  the  shell  and  receiving  in  return 
protection  and  titbits  from  the  crab  —  an  interesting  case  of  symbiosis 
or  the  living  together  of  individuals  of  different  species  to  their  mutual 
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advantage.  Other  hydroids  abound  attached  to  the  fronds  of  seaweed. 
Also  attached  to  seaweeds  and  at  first  sight  somewhat  resembling  hy¬ 
droids  but  really  very  different  are  moss  animals  (Fig.  3:16).  In  places 
the  rocks  are  covered  with  incrusting  sponges,  bright  red  or  yellow  in 
color.  In  tide  pools  or  sheltered  places  on  the  rocks  is  the  home  of  the  sea 
anemone  (Fig.  3:12). 

Of  particular  interest  are  the  sea  squirts  (Fig.  39:44)  which  look  like 
little  leather  bags  attached  to  the  rocks  and  in  many  cases  are  scarcely 
distinguishable  from  the  general  back¬ 
ground.  These  animals  are  chordates  and 
have  a  free-swimming  larval  stage  built 
on  somewhat  the  same  plan  as  the  verte¬ 
brates,  revealing  thereby  a  relationship 
which  one  would  scarcely  expect  from  the 
appearance  of  the  adult. 

Hidden  among  the  rocks  and  seaweed, 
ready  to  side-step  out  on  the  approach 
of  anything  they  can  lay  their  claws  on, 
are  the  rock  crab  and  the  Jonah  crab. 

They  are  not  particular  about  their  food, 
eating  anything  they  can  obtain,  dead  or 
alive,  plant  or  animal.  Crabs  (Fig.  39:51) 
are  near  relatives  of  lobsters,  the  chief 
difference  being  in  the  shape  and  pro¬ 
portions  of  the  body.  The  body  of  a  lobster 
is  divided  into  two  distinct  portions  of 
about  equal  length.  The  front  or  anterior 
portion  is  the  cephalothorax,  the  posterior 
portion  the  abdomen.  The  abdomen  con¬ 
tains  large  muscles  and  provides  most  of  the  edible  material.  In  a  crab 
the  cephalothorax  is  flat,  rounded,  and  forms  the  greater  part  of  the 
animal,  the  abdomen  being  represented  only  by  a  small  triangular 
structure  on  the  under  side  at  the  posterior  end.  Scarcely  inch  long, 
darting  to  and  fro  among  the  algae,  now  on  one  side  of  their  bodies,  now 
on  the  other,  are  the  little  water  fleas,  not  fleas  at  all  but  crustaceans  of 
a  primitive  type. 

(2)  A  SANDY  BEACH 

A  quite  clifrerent  scene  presents  itself  on  an  exposed  sandy  beach 
(I’itt  39-45)  N<-ar  the  high-tide  mark  extends  a  line  of  dead  seaweed 
and  oih,-r  debris  washed  up  by  the  waves.  Upon  this  decaying  mass 


Fig.  39:44  A  sea  squirt  {dona, 
phylum  Chordata,  subphylum 
Urochordata),  an  humble  and 
sedentary  relative  of  the  verte¬ 
brates.  Photograph  by  J.  W. 
Mavor. 
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various  insects  feed  and  especially  the  little  beach  flea  which  lives  in 
burrows  in  the  sand.  It  is  a  near  relative  of  the  water  flea  and,  like  it, 
a  primitive  crustacean.  Nearer  to  the  water  may  be  seen  little  oval 
lumps  in  the  sand  which  on  inspection  are  found  to  contain  sand-collar 
snails  (Fig.  39:46),  so  named  because  they  lay  their  eggs  in  a  collar  made 
by  cementing  together  grains  of  sand.  This  sea  snail,  like  some  of  those 
already  mentioned,  feeds  on  bivalves,  drilling  holes  in  their  shells.  Near 
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Fig.  39:45  Sandy  beach.  Woods  Hole,  Mass.  Photograph  by  J.  W.  Mavor. 


shore  small  transparent  slirimps  may  be  seen  swimming  not  far  below 
the  surface. 

Crawling  along  in  shallow  water,  pushing  the  sand  ahead  of  him 
comes  the  king  crab  or  horseshoe  crab  (Fig.  39:47).  He  appears  to  con¬ 
sist  of  a  gigantic  head  with  ancient-looking  eyes  and  a  long  pointed  tail 
which  he  often  holds  straight  up  in  the  water.  A  second  look  will  show 
that  what  appears  to  be  the  head  is  hinged  about  the  middle  and  con¬ 
sists  of  an  anterior  horseshoe-shaped  portion,  which  is  really  head  and 
thorax  combined,  and  a  posterior  triangular  part  which  is  the  abdomen. 
He  is  quite  harmless  in  spite  of  his  looks,  so  lift  him  up  and  turn  him  over. 
You  will  find  six  pairs  of  elongated  appendages  attached  to  the  cephalo- 
thorax  and  surrounding  the  mouth.  The  first  five  pairs  have  little  pincers 
on  their  ends  and  are  used  in  getting  food.  The  sixth  pair  is  used  by  the 
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animal  in  pushing  itself  through  the  sand.  The  abdomen  also  has  six 
pairs  of  appendages  but  they  are  not  used  as  legs.  The  first  pair  forms  a 
broad  plate  which  covers  the  re-  .  . 

maining  five.  These  bear  the  gills 
which  are  in  the  form  of  numerous 
thin  sheets.  Horseshoe  crabs  live  on 
marine  worms  and  other  small  an¬ 
imals.  They  come  to  sandy  beaches 
in  the  summer  to  lay  their  eggs.  The 
young  horseshoe  crab  as  it  emerges 
from  the  egg  resembles  a  trilobite 
(Fig.  40 :4) ,  a  type  of  arthropod  which 
flourished  in  the  early  Paleozoic 
era  and  became  extinct  some  two 
hundred  million  years  ago.  So  the 
king  crab,  which  is  not  really  a  crab, 
is  truly  a  “living  fossil.” 

But  most  of  the  animal  life  on 
such  a  beach  is  hiding  in  the  sand. 

An  interesting  animal  common  on 
some  parts  of  the  Atlantic  seaboard 
is  Hippa  (Fig.  39:48).  The  anterior 
part  of  this  little  creature  is  not  un¬ 
like  that  of  a  lobster  but  its  abdomen 
is  relatively  smaller  and  is  bent  under  the  anterior  portion  like  that  of  a 
crab.  It  lives  on  sandy  beaches  between  tide  marks  and  can  dig  into  the 
sand  with  incredible  rapidity  using  the  posterior  portion  of  the  abdomen 
as  a  scoop.  The  lady  crab  sits  buried  in  the  sand  with  only  its  antennae 
and  eyes  ex  loosed.  Disturb  it  and  if  you  look  quickly  before  it  disappears 


Fig.  39:46  A  sand  collar  snail  {Natica, 
phylum  Mollusca,  class  Gastropoda) 
crawling  along  in  the  water  with  part  of 
its  foot  under  the  sand  and  the  siphon 
through  which  it  breathes  out  in  front 
(to  the  right).  The  shell  is  partly  en¬ 
closed  by  the  foot  which,  however,  can 
be  completely  withdrawn  and  the  open¬ 
ing  in  the  shell  closed  by  a  horny  plate, 
the  operculum.  Photograph  by  J.  W. 
Mavor. 


Fig.  39:47  'I’Ih-  king  ciMb  (fJniu/u.?,  phylum  Arthropoda,  class  Arachnoidea).  On  the 
IcH  individn.il  <  r.ivvling  ovi  r  (he  sand.  On  the  right,  the  underside  showing  tlieap- 
[K'lid.igc.H.  Idiolograpli  by  J.  W.  Mavor. 
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Fig.  39:49  Sand  and  mud  flats  at  Provincetown,  Mass.  Low  tide.  Photograph  by  J.  W. 
Mavor. 


Fig.  39:48  A  hippa  {Ilippa,  phylum  .Xrthropoda,  class  Crustacea)  burying  itself  in  the 
sand.  In  the  first  photograph,  Number  1 ,  the  animal  is  on  its  side  showing  the  large  shovel- 
shaped  appendage  and  the  two  smaller  appendages  with  which  it  digs  itself  into  the 
sand  with  great  rapidity.  The  three  following  photographs,  Numbers  2  to  4,  show  the 
animal  entering  the  sand.  Photographs  by  J.  W.  Mavor. 


into  the  sand  again  you  will  notice  that  the  hind  legs  are  paddle  shaped. 
Deep  down  in  the  sand  is  the  razorshcllcd  clam,  so  called  because  of 
the  elongated  razorlike  shape  of  each  of  the  valves  of  its  shell. 


Art  4  LIFE  IN  THE  SEA 
(3)  SAND  AND  MUD  FLATS 


795 


Sheltered  sand  and  mud  flats  (Fig, 
of  burrowing  animals.  Here  is  the 
necked  clam  (Fig.  39:50)  of  clam 
chowder  and  clambake  fame.  These 
animals  burrow  in  the  sand  and 
mud  sometimes  to  a  depth  of  a  foot, 
their  long  siphons  or  “necks”  extend¬ 
ing  to  the  surface  where  their  pres¬ 
ence  may  be  detected  by  little  holes 
out  of  which  water  squirts  on  the 
approach  of  a  footstep. 

The  blue  crab  (Fig.  39:51),  next 
to  the  lobster  our  most  important 
edible  crustacean,  is  common  on 
mud  flats.  A  “soft-shelled”  crab  is 
simply  one  which  has  recently  molted 
or  cast  off  its  hard  covering  or  car¬ 
apace  and  in  which  the  new  car¬ 
apace  has  not  yet  become  hard. 
Here  also  lives  the  curious  spider 


39:49)  provide  homes  for  all  kinds 
home  of  the  soft-shelled  or  long- 


Fig.  39:50  A  soft-shelled  clam  {Mya^ 
phylum  Moliusca,  class  Pelecypoda). 
The  hinge  of  the  two  valves  of  the  shell 
(regarded  as  dorsal)  is  above.  The  two 
siphons  (which  are  posterior)  are  to  the 
left.  Water  is  taken  in  through  the  ventral 
siphon  (the  lower  and  larger  of  the  two) 
and  passed  out  through  the  dorsal  siphon. 
The  foot  protrudes  slightly  from  the  shell 
to  the  right.  When  the  clam  is  undis¬ 
turbed  the  valves  of  the  shell  are  some- 


what  separated  and  the  foot  and  siphon 
protrude  to  a  much  greater  extent,  justifying  the  name  “long-necked  clam.”  Photo¬ 
graph  by  J.  W.  Mavor. 


-"'-I 


Fig.  ,'59:49  {Coutimicd) 
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crab,  so  named  from  its  spiderlike  shape,  which  has  the  remarkable 
habit  of  disguising  itself  by  covering  its  carapace  with  seaweed.  Still 
another  interesting  crab  is  the  fiddler  crab  which  lives  in  burrows  that 
often  open  above  high-water  mark.  In  the  male,  one  of  the  pincers, 
usually  the  right,  is  enormously  developed  at  the  expense  of  the  other. 

The  most  characteristic  animals  of 
the  sand  and  mud  flats  are  the  bur¬ 
rowing  worms  (Fig.  39:52)  which, 
however,  are  seldom  seen  by  the 
ordinary  observer  as  they  remain 
hidden  when  the  sand  is  exposed  at 
low  tide.  One  of  the  commonest  of 
these  is  the  clam  worm.  This  is  a 
large  segmented  worm  reaching  1  foot 
in  length  and  3^  inch  in  diameter. 
On  each  segment  is  a  pair  of  fleshy 
“legs”  (parapodia).  There  is  a  dis¬ 
tinct  head  which  bears  several  pairs 
of  tactile  organs  and  four  simple 
eyes.  The  worm  is  omnivorous. 
When  feeding,  the  pharynx  is  everted, 
exposing  two  sharp  teeth  with  which  the  prey  is  seized.  Many  marine 
worms  are  of  great  beauty.  The  ornate  worm  (Fig.  3:19)  lives  in  a  tube 
in  the  sand.  Its  head  is  surrounded  by  numerous  long,  fine  filaments 
which  serve  both  for  respiration  and  for  food-getting.  The  filaments  reach 
out  of  the  tube  in  all  directions  and  entangle  small  animals.  One  of  the 
most  peculiar  of  the  segmented  worms  is  the  bristle-winged  worm.  This 
worm  lives  in  a  U-shaped  parchment  tube.  It  is  brilliantly  luminescent 
over  the  greater  part  of  its  body.  One  of  the  segments  in  the  middle 
region  of  the  body  bears  a  pair  of  large  winglike  structures  which  keep 
up  a  rhythmical  movement  causing  the  water  to  circulate  through  the 
parchment  tube. 

There  are  food  chains  on  the  seashore  just  as  there  are  in  fresh  water 
ponds.  Thus  microscopic  plants  and  animals  of  the  seashore  provide 
food  for  the  bivalve  mollusks  such  as  clams,  muscles,  and  oysters,  and 
for  barnacles.  Sea  weeds  are  browsed  upon  by  sea  urchins  and  gastro¬ 
pods  such  as  the  periwinkles.  Worms  and  small  Crustacea  live  to  a  large 
extent  on  the  organic  debris  present  in  the  sea  water,  especially  over 
mud  flats.  Other  gastropods  feed  on  bivalves,  starfish,  and  barnacles. 
Flatfish  feed  on  gastropods;  other  fish  on  sea  anemones,  worms,  and 
Crustacea.  Finally,  man  feeds  on  fish,  not  to  mention  oysters  and  clams. 


Fig.  39:51  A  blue  or  edible  crab 
{Callinectes,  phylum  Arthropoda,  class 
Crustacea).  Note  that  the  last  pair  of 
walking  legs  are  paddle-shaped  for  dig¬ 
ging  in  the  mud  and  sand.  Photograph 
by  Mary  Dickerson,  reproduced  by  cour¬ 
tesy  of  the  American  Museum  of  Natural 
History,  New  York. 
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Fig.  39:52  A  group  of  segmented  bristle  worms  (phylum  Annelida,  class  Chaetopoda, 
order  Polychacta)  burrowing  in  the  mud  among  the  roots  of  eel  grass.  In  the  center  a 
clam  worm  {Nereis)  recognizable  by  its  large  segments,  is  attacking  an  opal  worm  {Ara¬ 
bella),  the  longer  of  the  two.  To  the  right  a  beak  thrower  {Glycera)  seems  about  to  enter 
the  combat  by  protruding  its  long  white  proboscis  ending  in  four  teeth.  Photogr^h  o  a 
habitat  group.  Reproduced  by  courtesy  of  the  American  Museum  of  Natural  History, 
New  York. 


B.  THE  SHALLOW  WATER  OFF  SHORE 

From  the  tidal  zone  an  area  of  shallow  water  extends  for  a  varying 
distance  out  to  sea.  In  this  shallow-water  zone  a  populadon  as  dense 
and  varied  as  that  of  the  seashore  flourishes.  The  bottom  is  usually  srft 
sand  or  mud  mixed  with  rocks  and  shells,  providing  thus  a  suitable  su 
stratum  for  all  kinds  of  organisms.  Many  of  the  shore  animals  already 
considen-d  extenri  their  range  out  into  this  zone,  while  there  are  many 
types  of  worms,  sea  snails,  bivalves,  crabs,  sea  urchins,  and  other  anima  s 

which  occur  h('rc  and  not  in  the  tidal  zone. 

'Uie  scallop  (Fig.  39:53)  docs  not  spend  its  life  in  a  burrow  like  many 
bivalves  but  is  .able  to  swim  over  the  sea  bottom  in  a  rather  clumsy  way 
by  opening  and  closing  its  valves.  A  smaller  species  occurs  on  mud  flats 
and  a  large  species  in  deeper  water.  They  are  caught  by  dredging.  The 
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Fig.  39:53  Lifr  in  <!ial!o\v  wati-r  ofT  shore.  On  the  bottom  in  the  center  foreground  and 
swimming  on  the  left  are  scallops  {Pecton,  phylum  Mollu.sca,  class  Pelecypoda).  Small 
fishes  {Fundulus,  class  Osteichthyes,  suixrlass  .Xetinopterygii,  order  Tcleostei)  swim  through 
the  eel  grass.  Photograph  of  a  habitat  group.  Reproduced  by  courtesy  of  the  American 
Museum  of  Natural  History,  New  X'ork. 

part  of  the  animal  so  delicious  when  fried  is  the  large  muscle  which  closes 
the  valves.  Along  the  edge  of  the  tissue  which  lines  the  shell  are  numerous 
brightly  colored  eyes  which  warn  it  of  the  approach  of  danger.  The 


Fig.  39:54  A  conch  {Busycon^  phylum 
Moilusca,  class  Gastropoda)  in  shallow 
water  crawling  over  the  sand.  The  siphon 
through  which  it  passes  water  for  its 
respiration  is  the  dark  conical  structure 
on  the  extreme  left  The  foot  and 
tentacles  show  as  dark  bodies  under  the 
shell  Photograph  by  J.  W.  Mavor. 


Fig.  39:55  A  lobster  {Homarus  amer- 
icanus^  phylum  Arthropoda,  class  Crus¬ 
tacea)  in  a  characteristic  pose  on  the  look¬ 
out  for  food  and  ready  for  enemies.  The 
large  claws  or  pincers  are  thrust  out  in 
front.  The  first  and  second  antennae  ex¬ 
tend  forward  and  the  stalked  eyes  cover 
the  scene.  Photograph  by  J.  W.  Mavor. 
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danger  may  be  a  whelk,  one  of  the  commonest  of  the  large  sea  snails  of 
the  eastern  coast,  much  used  for  bait  by  fishermen  on  account  of  its  tough 
flesh  which  stays  on  the  hook.  Whelks  feed  on  bivalves  like  the  scallop 
dead  or  alive.  Also  to  be  found  are  conchs  (Fig.  39:54). 

The  lobster  (Fig.  39:55)  lives  in  the  shallow  water  off  shore  where  it 
hides  in  rocky  crevices  or  even  buries  itself  in  the  sand  or  mud.  It  feeds 
on  whatever  it  can  obtain,  seizing  it  with  its  powerful  claws.  The  eggs 


Fig.  39:56  Sciuids  (LoUiro,  phylum  Mollusca,  class  Cephalopoda).  The  tentacles  are 
held  logethfT  in  Iront  fnnning  a  conical  snoutlike  projection.  The  large  black  eyes  and 
lateral  fins  can  be  seen.  Photograph  by  J.  W.  Mavor. 


are  carried  about  by  the  female  on  the  abdominal  appendages  until 
th(‘y  hatch  into  free-.swimming  larvae  very  much  like  the  adult.  The 
common  ])rawn  shrimp  is  a  swimming  animal  which  somewhat  resembles 
a  lobster. 

Sciuids  (iMg.  39:56)  arc  graceful  swimmers  with  beautiful  iridescent 
b()cli<-s  whirh  an-  forcv<T  changing  color.  They  progress  either  forward 
or  backward  with  c<inal  case  by  tlie  undulatory  movements  of  two  lateral 
Inis,  and  backward  by  sfiuirling  water  out  of  a  funnel-shaped  organ  near 
ihc  aiiK-rior  end  of  the  l)ody.  'I’wo  large  eyes  give  to  the  head  a  slightly 
human  ap|.carancc  wl.icl.,  however,  is  soon  changed  to  that  of  a  monster 
when  (he  ten  wrilhine;  arms  separate  and  feel  for  prey.  Squid  swim  m 
shoals  .md  feed  on  lisli.  'I'he  octopus,  also  a  mollusk,  resembles  the  squid 
but  Is  a  bottom  dweller  with  ;i  rounded  body  and  eight  arms.  It  feeds  on 
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fish  and  crabs,  crawling  out  from  its  hiding  place  in  the  rocks  and  catch-i 
ing  them  with  its  long  arms. 

The  dominant  denizens  of  the  sea  over  the  shallow-water  area  are  the! 
fishes.  Some  of  these  are  bottom  forms  feeding  on  the  abundant  life  which, 
covers  the  floor  of  the  sea,  while  others  spend  their  lives  swimming  near' 
the  surface  or  deeper  down  feeding  on  other  smaller  swimming  creatures^ 
The  herring  is  a  typical  free-swimming  fish,  moving  near  the  surface  in^ 
great  shoals  and  feeding  on  small  Crustacea.  Similar  in  habits  and  related^ 
to  the  herring  is  the  mackerel.  To  the  bottom  forms  belong  the  flatfish, 
such  as  the  flounder,  sole,  plaice,  and  halibut.  They  are  flattened  from, 
side  to  side  and  lie  on  the  bottom  on  one  side  which  is  usually  white,, 
while  the  other  side  changes  color  to  match  the  surroundings.  When  it| 
hatches  from  the  egg  the  young  fish  is  like  any  other  small  fish,  but  as  it 
grows  older  its  body  becomes  flattened  and  the  eye  which  would  face  the 


Fig.  39:57  Sea  robins  and  sea  bass  (both  class  Osteichthyes,  subclass  Actinopterygii,  i 
order  Teleostei),  In  the  sea  robin  {Prionotus)  the  pectoral  fins  take  the  form  of  long  finger-  I 
like  processes  with  which  the  fish  crawls  over  the  sea  bottom.  Its  large  mouth  and  power-  l 
ful  jaws  are  well  suited  to  its  diet  of  marine  worms  and  mollusks.  The  sea  bass  {Centro-  1 
pristes)  are  at  the  lower  right.  Photograph  by  J.  W.  Mavor.  : 


sea  bottom  moves  over  to  the  other  side  of  the  head  so  that  both  eyes  come 
to  be  on  the  upper  side  of  the  fish.  Flounders  feed  chiefly  upon  worms  and 
mollusks  which  they  scrape  up  from  the  bottom  or  even  dig  from  the 
mud.  The  angler  fish  is  flattened  in  the  other  direction,  i.e.,  up  and  down. 
He  is  a  poor  swimmer  and  sits  upon  the  sea  bottom  dangling  his  bait, 
which  consists  of  a  little  knob  of  his  own  flesh  on  the  end  of  a  long  rodlike 
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jpine,  in  front  of  his  large  mouth.  Another  curious  bottom  fish  is  the 
jea  robin  (Fig.  39:57)  which  crawls  along  on  modified  spinelike  fins. 

Our  most  important  food  fishes  live  in  the  waters  covering  the  various 
ocean  banks,  such  as  the  Newfoundland  Banks,  the  Georges  Banks  off 
the  coast  of  Maine,  and  the  Dogger  Banks  in  the  North  Sea.  It  is  to  these 
banks  that  the  fishing  schooners  and  trawlers  go  from  Nova  Scotia,  from 
Gloucester,  and  other  New  England  fishing  ports  and  from  the  coasts  of 
England  and  France. 


C.  LIFE  IN  THE  OPEN  OCEAN 


Life  in  the  open  ocean,  like  life  on  land,  in  fresh  water,  and  on  the  sea 
shore,  is  dependent  ultimately  on  plants.  In  the  open  ocean  these  plants 


i'ig.  39:58  Marine  plankton  from  off  shore.  The  animal  which  looks  like  a  medieval 
:night  charging  an  adversary  in  the  lists  is  only  the  larva  of  a  small  crab  (phylurn 
Vrthropoda,  class  Crustacea).  The  long  lance  which  it  seems  to  carry  is  an  extension  of 
ts  carapace  and  serves  by  increasing  the  surface  tension  to  keep  it  near  the  surface. 
)ther  Crustacea  are  scattered  about  the  microscopic  field.  Photograph  by  J.  .  avor. 


arc  chic-ny  microscopic  algae  of  the  kind  known  as  “diatoms.”  These 
flourish  near  the  surface  and  grow  only  within  the  depth  to  which  light 
penetrates.  Diatoms  form  a  very  important  and  considerable  propor¬ 
tion  of  the  i)lant  life  of  the  ocean.  Being  green  plants  they  manufacture 
their  food  materials  from  inorganic  substances.  To  a  large  extent  they 
mak<-  possible  the  animal  life,  and  may  therefore  not  inappropriately 
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be  said  to  form  the  “pasture  of  the  sea.”  Small  animals,  many  of  them 
also  microscopic  (Fig.  39:58),  feed  on  the  diatoms.  All  of  these  floating 
organisms  show  special  adaptations  to  keep  from  sinking.  One  common 

adaptation  is  the  development 
of  long  and  fine  processes  (Fig. 
39:58).  The  small  animals  are 
food  for  the  larger  ones.  Thus 
the  varied  life  of  the  open 
ocean,  including  many  kinds 
of  worms,  mollusks,  crusta¬ 
ceans,  fishes,  turtles  (Fig.  39:59), 
sea  birds,  and  whales,  is  in  the 
ultimate  analysis  supported  by 
microscopic  plants.  For  the 
ocean  these  microscopic  plants 
take  the  place  of  the  trees, 
shrubs,  and  herbs  of  the  forests 
and  the  grasses  and  herbs  of  the 
prairie.  The  animals  and  bac¬ 
teria  of  the  deep  sea  are  de¬ 
pendent  for  their  nourishment 
on  the  organisms  and  organic 
matter  which  gradually  sinks 
down  from  the  superficial 
layers.  The  life  of  an  ocean  like  that  of  a  forest,  a  prairie,  or  a  pond 
forms  a  community  —  a  community  which  exists  on  a  vast  scale  and 
which  moves  with  the  great  ocean  currents. 

5.  GEOGRAPHICAL  DISTRIBUTION 

As  already  illustrated  in  the  preceding  sections,  each  species  of  animal 
or  plant  has  its  particular  place  or  niche  in  the  community  of  which  it 
forms  a  part  and  is  particularly  adapted  to  the  inorganie  and  organic 
conditions  of  this  niche.  However,  a  species  is  seldom  if  ever  found  in 
all  apparently  suitable  environments.  Each  species  is  confined  to  a  cer¬ 
tain  geographic  range  beyond  which  it  does  not  naturally  occur.  Thus 
there  were  no  rabbits  in  Australia  before  they  were  introduced  by  the 
European  settlers.  That  Australia  provided  a  suitable  environment  is 
proved  by  the  rapid  increase  of  the  rabbit  there  after  it  was  introduced. 
Many  other  similar  examples  could  be  cited. 


Fig.  39:59  Stealing  a  ride  in  the  ocean.  Two 
remoras  or  sharksuckers  {Echenis,  class  Ostcich- 
thyes,  subclass  Actinopterygii,  order  Teleostci) 
attached  by  their  sucking  discs  to  the  under¬ 
side  of  a  loggerhead  turtle  {Carette^  class  Reptilia, 
Order  Testudinata).  Photograph  by  J.  W. 
Mavor. 
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A,  CENTERS  OF  DISPERSAL  AND  BARRIERS 

In  most  cases  the  distribution  of  the  species,  genera,  and  even  larger 
groups  of  plants  and  animals  is  best  explained  by  assuming  that  each  has 
arisen  at  a  certain  point  on  the  earth’s  surface,  called  a  center  of  dis¬ 
persal  and  has  spread  out  to  occupy  the  area  it  now  inhabits.  In  this 
process  of  dispersal  each  species  encounters  barriers  which  check  or 
prevent  its  further  spread.  Geographic  barriers  are  of  many  types  and 
differ  with  the  species.  Thus  for  a  land  animal  or  plant  a  river,  lake,  or 
an  arm  of  the  sea  may  be  a  barrier;  for  an  aquatic  animal  or  plant,  land 
is  a  barrier.  For  animals  of  the  plains  or  lowlands,  a  mountain  range  is 
a  barrier ;  for  an  alpine  plant  or  animal,  low  country  may  be  a  barrier. 
For  animals  and  plants  of  a  humid  region,  a  desert  is  a  barrier;  for  desert 
plants  and  animals,  a  humid  region  is  a  barrier.  Similar  relations  exist 
for  light  and  temperature.  Indeed  any  unfavorable  feature  of  the  en¬ 
vironment,  inorganic  or  organic,  may  act  as  a  barrier.  Thus  lack  of  food 
due  either  to  the  absence  of  certain  food  plants  or  animals  from  a  region 
or  due  to  other  competing  and  more  successful  species  may  be  a  barrier. 
Enemies  in  the  form  of  predatory  animals  or  parasites  may  restrict  the 
distribution  of  a  species. 


B.  GEOGRAPHICAL  REALMS 

The  study  of  the  geographic  distribution  of  plants  and  animals  over 
the  land  areas  of  the  earth  has  led  to  the  recognition  of  six  main  realms, 
separated  by  major  barriers  consisting  of  the  great  oceans,  inland  seas, 
mountain  ranges,  and  marked  differences  in  climate  (Fig.  39:60).  These 
regions  are: 

Nearctic:  ^  Greenland  and  North  America  as  far  south  as  Mexico. 

Palearctic:  All  of  Europe  and  the  northern  portion  of  Asia. 

Neotropical:  Central  America,  the  West  Indies,  and  South  America. 

Ethiopian:  Africa  and  the  southern  portion  of  Arabia  and  Mada¬ 
gascar. 

Oriental:  The  southern  portion  of  Asia,  Malay  States,  Sumatra, 
Borneo,  Java,  Celebes,  and  the  Philippines. 

Australian:  Australia,  New  Zealand,  Tasmania,  New  Guinea,  and 
the  Pacific  Islands. 

'riic  animals  and  plants  of  the  Nearctic  and  Palearctic  realms  do  not 

'  Tlic  iisi-  of  the  term  “arctic”  in  this  connection  is  rather  unfortunate  since  the  realm 
cxtcn.ls  soiitliwartl  to  tlic  Tropic  of  Cancer,  but  the  term  is  well  established. 
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differ  so  strikingly  as  those  of  the  other  realms  and  hence  these  realms 
are  sometimes  grouped  together  as  a  single  Holarctic  Realm. 

Each  of  the  geographic  realms  has  a  characteristic  fauna  and  flora 
differing  from  that  of  the  other  realms.  Characteristic  animals  of  the 
different  realms  are  as  follows: 

Nearctic:  Opossum,  skunk,  raccoon;  blue  jay,  turkey;  rattlesnakes; 
mud  puppy;  gar  pike  (Lepidosteus),  bowfin  (Amia). 


Fig.  39:60  The  realms  of  geographical  distribution  of  animals  and  plants.  The  dotted 
lines  represent  the  boundaries  of  the  realms.  Redrawn  after  Lull,  Organic  Evolution,  The 
Macmillan  Company. 


Palearctic:  None  of  the  larger  groups  or  orders  or  even  families  are 
confined  to  this  region,  only  individual  species  and  genera  are 
characteristic.  Characteristic  are  moles,  sheep,  goats,  oxen,  ante¬ 
lopes,  certain  species  of  deer,  pheasant,  magpies,  certain  reptiles, 
amphibians,  and  fresh-water  fishes. 

Neotropical:  New  World  monkeys,  llamas,  peccaries,  sloths,  arma¬ 
dillos,  anteaters;  rhea  (a  large  ostrichlike  bird),  toucans,  humming¬ 
birds,  many  types  of  reptiles  and  fish. 

Ethiopian:  Gorilla,  chimpanzee,  several  baboons,  most  lemurs,  Afri¬ 
can  elephant,  hippopotamus,  two  or  three  species  of  rhinoceros. 
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zebra,  giraffe;  secretary  bird,  and  many  other  birds;  many  reptiles 
and  fishes,  including  the  lungfish,  Protopterus. 

Oriental:  Orang-utang,  gibbon,  numerous  lemurs,  tiger,  Indian  ele¬ 
phant,  Indian  tapir,  three  species  of  rhinoceros,  chevrotains  or 
mouse  deer;  peacock,  pheasant,  jungle  fowl. 

Australian :  The  most  striking  feature  is  the  total  absence  of  Eutheria, 
the  indigenous  mammals  being,  with  one  exception,  Metatheria  or 
Prototheria;  emu,  cassowary;  birds  of  Paradise;  many  reptiles,  am¬ 
phibians,  and  fishes,  including  three  species  of  lungfish. 

The  distribution  of  many  animals  and  plants  has  been  considerably 
changed  by  human  agencies,  especially  during  the  last  few  centuries, 
centuries  of  exploration,  travel,  and  colonization.  Thus  the  common 
house  sparrow  is  really  a  European  and  northern  Asiatic  bird  and  was 
first  introduced  into  North  America  in  1851.  The  changes  in  the  distri¬ 
bution  of  the  two  common  species  of  rats,  the  house  rat,  Mus  rattus,  and 
the  brown  or  Norway  rat,  Mus  norvegicus^  during  historic  time,  reflect 
the  movements  of  the  human  race  on  the  surface  of  the  globe.  Both 
species  are  of  Asiatic  origin,  the  house  rat  being  native  to  India,  the 
Norway  rat  to  central  Asia.  The  house  rat  is  said  to  have  been  intro¬ 
duced  into  western  Europe  in  the  thirteenth  century  and  the  Norway 
rat,  which  has  largely  superseded  it,  in  the  eighteenth  century.  Both 
species  came  into  North  and  South  America  with  the  colonists.  They 
are  now  cosmopolitan,  being  a  frequent  pest  in  ports  and  on  vessels. 
Thus  in  studying  the  geographical  distribution  of  animals  it  is  necessary 
to  distinguish  between  indigenous  and  introduced  species.  An  indig¬ 
enous  species  is  one  which  there  is  every  reason  to  believe  originated 
and  has  continued  to  exist  in  the  locality.  An  introduced  species  is  one 
which  probably  had  its  origin  elsewhere  and  which  is  known  to  have 
been  introduced  into  the  area.  Thus  the  house  rat  is  an  indigenous 
Indian  species,  but  an  introduced  American  species. 

C.  CLIMATIC  ZONES 

The  geographic  realms  may  be  divided  into  smaller  regions  or  zones 
based  on  climate  and  the  dominant  vegetation.  A  series  of  similar  zones 
occurs  in  the  Ncarctic  and  the  Palearctic  realms.  In  the  Nearctic  Realm 
the  zones  include  the  tundra,  coniferous  forests,  deciduous  forests,  grass¬ 
lands,  sagebrush,  desert.  j-  u 

The  tundra  extends  from  the  perpetual  snow  and  ice  surrounding  the 
North  Pol(‘  southward  to  where  the  coniferous  forests  begin.  Tempera- 
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turcs  are  low  and  there  is  little  sunshine  except  during  the  short  summer, 
when  only  the  upper  layer  of  the  soil  thaws.  The  frozen  subsoil  prevents 
the  seepage  of  the  water  from  the  melting  ice  and  snow  with  the  result 
that  in  summer  many  lakes,  ponds,  and  marshes  are  formed.  The  dom¬ 
inant  plants  are  mosses,  lichens,  grasses.  The  mammals  include  musk  ox, 
arctic  fox,  and  arctic  hare.  Many  migrating  water  birds  come  here  to 
breed.  There  are  no  reptiles;  being  cold  blooded  they  are  unable  to  sur¬ 
vive  the  winter. 

The  coniferous  forests  extend  southward  from  the  tundra  to  the  north¬ 
ern  United  States  and  further  south  in  the  mountain  ranges  such  as  the 
Kockies  and  Appalachians.  The  winters  are  cold  and  stormy,  summers 
cool  with  moderate  rainfall.  The  dominant  plants  are  pines,  firs,  spruces, 
and  cedars.  The  animals  include  moose,  caribou,  elk  and  deer,  and  many 
'Tur  animals”  such  as  fox,  lynx,  marten;  a  number  of  perching  birds; 
and  a  few  reptiles  and  amphibians. 

The  deciduous-forest  zone  extends  from  the  eastern  states  westward 
to  the  Mississippi  Valley.  The  climate  and  life  of  a  forest  of  this  type  is 
described  in  a  previous  section  of  this  chapter  (Art.  2,  Sec.  A). 

The  grassland  zone  comprises  the  prairies  and  the  Great  Plains  and 
includes  the  Mississippi  Valley.  The  climate  and  life  of  a  grassland  have 
already  been  described  (Art.  2,  Sec.  B). 

The  sagebrush  zone  occupies  most  of  the  great  plateau  (Great 
Basin)  between  the  Rocky  Mountains  and  the  Sierra  Nevada  range. 
Here  the  climate  is  dry,  the  winters  cold,  and  the  summers  hot.  It  is  a 
semidesert  region.  The  dominant  vegetation  is  sagebrush  (a  kind  of 
shrub)  with  bunch  grasses.  The  animal  life  resembles  that  of  a  desert, 
with  burrowing  animals,  many  reptiles. 

The  desert  zone  extends  from  southwestern  Texas  to  southern  Cali¬ 
fornia.  It  is  a  region  of  slight  rainfall  with  hot  clear  days  and  relatively 
cool  nights.  The  plant  and  animal  life  is  similar  to  but  more  restricted 
than  the  life  of  the  sagebrush  zone. 

In  the  Neotropical,  Ethiopian,  Oriental,  and  Australian  realms  an¬ 
other  zone,  that  of  the  tropical  rain  forests,  occupies  large  areas.  This 
zone  is  absent  from  the  Nearctic  and  Palearctic  realms. 

The  tropical-rain  forest  zone,  most  of  which  is  included  between  ten 
degrees  on  either  side  of  the  equator,  has  a  continuous  warm  climate  and 
a  heavy  rainfall  throughout  most  of  the  year.  This  is  the  region  of  tropi¬ 
cal  jungles  with  tall,  large-leaved  trees  and  luxuriant  vines.  The  actual 
plants  and  animals  differ  in  the  different  realms  and  include  many 
species  of  ants,  anteaters,  sloths,  bats,  monkeys,  many  highly  colored 
birds,  and  reptiles. 
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Questions 

1.  Go  into  a  forest  or  onto  a  prairie  and  try  to  determine  why  the  different 
plants  and  animals  are  there. 

2.  Most  forest  birds  sing  only  when  perched  while  most  prairie  birds  sing  on 
the  wing.  Can  you  think  of  any  reasons  for  this? 

3.  Try  to  work  out  what  would  happen  if  someone  went  into  a  forest  and  killed 
(«)  all  the  deer  mice,  (b)  all  the  shrews. 

4.  List  some  adaptations  of  plants  and  animals  to  (<2)  life  in  a  forest,  (b)  to  life 
on  the  prairie. 

5.  Compare  the  conditions  of  life  in  a  fresh-water  pond  with  life  on  the  sea¬ 
shore. 

6.  Remembering  that  life  probably  originated  in  the  sea,  what  are  some  of 
(he  main  differences  between  the  plants  and  animals  of  a  fresh-water  pond 
and  those  of  the  seashore? 
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7.  Explain  the  difference  between  the  plants  growing  in  the  water  along  the 
edge  of  a  pond  and  the  plants  in  the  sea  along  the  shore. 

8.  Why  do  many  of  the  animals  found  along  the  seashore  have  shells? 

9.  Explain  the  presence  of  the  following  animals  in  a  pond:  duckweed,  dragon¬ 
fly  larvae,  diving  beetles,  air-breathing  snails,  muskrats. 

10.  Explain  the  presence  of  the  following  in  the  ocean:  whales,  dolphins,  turtles, 
penguins,  eelgrass.  Why  are  there  almost  no  flowering  plants,  ferns,  or 
mosses  in  the  sea? 
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CHAPTER  40 

The  History  of  Life  on  the  Earth 


1.  HOW  THE  RECORD  WAS  AAADE 
A.  HOW  FOSSILS  ARE  FORMED 

A  fossil  is  the  actual  remains  of  a  part  or  all  of  an  organism  or  any  im¬ 
pression  or  trace  of  an  organism  from  a  previous  age  preserved  in  the 
earth’s  crust  (Fig.  40:1).  Fossils  have  been  formed  and  the  preservation 
effected  in  a  number  of  different  ways. 

(1)  PRESERVATION  OF  THE  ACTUAL  ORGANISM 

THE  SOFT  PARTS.  Some  years  ago  the  body  of  a  long  extinct  species, 
the  mammoth,  was  found  by  a  hunter  in  the  frozen  soil  of  northern 
Siberia.  It  had  been  in  cold  storage  for  some  20,000  years.  The  flesh  was 
still  red.  In  all  about  fifty  such  carcasses  have  been  found  preserved  in 
this  way.  Preservation  almost  as  remarkable  is  seen  in  remains  recovered 
from  oil  containing  rocks  where  the  body  of  an  animal  has  become 
soaked  with  the  oil. 

THE  HARD  PARTS.  A  fossil  may  form  when  the  body  of  an  aquatic 
animal  or  plant  sinks  to  the  bottom  of  a  lake  or  sea,  becomes  covered 
with  sediment,  and  eventually  is  included  in  a  sedimentary  rock.  In  such 
cases  usually  only  the  skeleton  is  preserved  but  often  the  outline  of  the 
animal  is  indicated  by  a  thin  layer  of  carbon  which  remains  from  the 
disintegration  of  the  soft  parts.  The  hard  parts  of  a  land  animal  drowned 
in  a  river  or  lake  may  be  similarly  preserved.  The  body  of  an  organism 
may  be  buried  by  blown  or  shifting  sand,  or  in  the  rain  of  ashes  from  a 
volcanic  eruption,  and  the  hard  parts  preserved  as  fossils. 

(2)  PETRIFACTION  (PRESERVATION  BY  CHEMICAL  CHANGE) 

In  the  older  rocks  the  parts  preserved  are  usually  petrified  (L.  petra, 
stone  4- /acere,  to  make).  The  change  may  be  brought  about  in  a  number 
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of  ways.  Petrified  bones  are  usually  preserved  by  the  pores  becoming 
filled  with  mineral  matter,  the  hard  material  of  the  bone  remainingi 
intact  and  unaltered.  Such  bones  are  heavy  and  stonelike.  This  is  a  very 
common  method  of  fossilization.  In  another  method  of  preservation  the 
original  substance  of  the  hard  part  may  be  dissolved  and  replaced,  often 
particle  by  particle,  by  mineral  matter,  such  as  silica  or  carbonate  of 
lime.  Wood  is  commonly  preserved  in  this  way  and  the  process  may  be 
so  delicate  that  the  cell  walls  and  other  microscopic  structures  of  the 


Strata  being  deposited  .  Land  rising 

Fig.  40:1  How  fossils  arc  formed. 

wood  are  preserved  even  after  all  organic  matter  has  disappeared.  Ex¬ 
amples  of  this  method  of  preservation  are  found  in  the  petrified  forests 
of  Yellowstone  Park.  When  the  organic  matter  has  been  changed  chem¬ 
ically  so  that  only  the  carbon  is  left,  the  fossil  is  said  to  be  carbonized. 
Coal  consists  chiefly  of  carbonized  fossil  plants.  The  original  tissues  are 
often  beautifully  preserved.  In  the  trees  of  some  coal  beds  the  annual 
rings  show  so  clearly  that  it  is  possible  to  determine  that  the  climate  of 
the  time  was  uniform  with  little  seasonal  change.  The  arrangement  and 
number  of  the  stomata  on  the  leaves  can  also  be  observed  and  indicates 
that  the  climate  was  humid. 

(3)  MOLDS  AND  CASTS 

In  this  case  the  actual  organic  material  has  been  dissolved  away  and 
a  mold  or  cavity  left  in  the  rock.  The  mold  may  then  be  filled  with 
material  which  makes  a  rocky  cast  inside  the  mold.  In  very  rare  cases, 
casts  of  soft-bodied  animals  such  as  jellyfish  and  worms  have  been  pre¬ 
served.  Some  of  the  most  remarkable  molds  are  those  of  insects  preserved 
In  amber.  Amber  is  the  dried  and  hardened  resin  of  ancient  conifers. 
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The  insects  became  imbedded  in  the  resin  when  it  was  soft.  Later  the 
resin  hardened  and  a  natural  microscopic  preparation  was  made  twenty- 
five  million  years  ago.  The  insect  fossils  are  but  delicate  hollow  molds, 
the  organic  matter  having  disappeared.  If  the  amber  is  dissolved  nothing 
remains. 

(4)  FOOTPRINTS  AND  TRAILS 

Fossil  footprints  are  formed  when  an  animal  walks  over  soft  mud  or 
fine  wet  sand  which  afterward  becomes  covered  with  sediment  and 
hardened.  The  dinosaur  footprints  of  the  Connecticut  River  Valley  were 
preserved  in  this  way. 


B.  CONDITIONS  FAVOR/NG  FOSSILIZATION 

“The  Buffalo  carcasses  strewn  over  the  plains  in  uncounted  millions 
a  generation  ago  have  left  hardly  a  present  trace.  The  flesh  was  devoured 
by  wolves  or  vultures  within  hours  or  days  after  death,  and  even  the 
skeletons  have  now  largely  disappeared,  the  bones  dissolving  and  crum¬ 
bling  away  under  the  attack  of  the  weather.”  '  Only  rarely  and  under 
special  conditions  docs  an  animal  or  plant  leave  fossil  remains.  Two 
conditions  especially  favor  preservation:  the  possession  of  hard  parts 
and  immediate  burial.  A  dead  animal  or  plant  left  exposed  soon  decays 
and  even  the  hard  parts  dissolve  and  crumble  away.  If  it  is  buried 
decay  is  retarded  and  weathering  prevented.  Some  remarkable  fossil 
deposits  have  resulted  from  animals  being  mired  in  asphalt  pools,  peat 
bogs,  or  quicksands.  Rains  of  volcanic  ash  have  been  responsible  for 
many  fine  fossil  deposits.  Wind-blown  sands  may  overwhelm  the  living 
or  bury  the  dead.  But  dry  sand  does  not  provide  good  conditions  for 
preservation  and  fossils  arc  rare  in  desert  deposits.  Water-borne  sedi¬ 
ments  provide  by  far  the  commonest  means  of  burial.  Flooded  streams 
drown  and  liury  their  victims  in  the  shifting  channel  sands  or  in  the  rnuds 
of  the  flood  plain.  The  sea  floor  near  shore  is  usually  covered  with  a 
loose  shifting  sediment.  Here  marine  animals  become  quickly  buried 
The  shallow  water  of  the  seashore  with  its  abundant  and  varied  life  has 
provided  the  greatest  number  of  fossils. 

C.  THE  CHANCE  OF  A  FOSSIL  OCCURRING 

From  the  previous  discussion  it  must  have  become  evident  that  al- 
a  of  way.  ia  which  a  tail  record  may  occur, 

1  SCudic,,  C.,  .-.nrl  (t  f).  nnnl>-.  ^  of  Geology,  Part  II:  H.stor.cal  Geology,  John 

Wilry  &  Sons,  Inc..,  Nrw  York,  1933. 
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the  actual  chance  of  any  organism  or  even  of  any  species  of  organism 
leaving  a  fossil  record  is  slight.  Still  less,  however,  are  the  chances  of  that 
record  being  found  by  man.  Only  where  rocks  come  to  the  surface 
through  the  wearing  away  of  the  rocks  above  or  where  a  river  has  cut  a 
deep  gorge  or  in  the  rare  cases  where  man  has  dug  into  the  crust  of  the  | 
earth  in  mines  or  quarries,  are  sedimentary  rocks  available  for  the  fossil  , 
hunter.  The  record  which  fossils  give  us  of  life  in  the  past  is  therefore  a  j 
very  incomplete  one.  It  has,  however,  one  great  advantage  over  written  • 
history.  Fossils  are  actual  material  things  which  can  have  been  changed  j 
only  by  physical  and  chemical  forces,  while  written  history  is  always  1 
colored  and  often  falsified  by  the  allegiance  or  prejudice  of  the  writer,  j 

D.  THE  FORMATION  OF  SEDIMENTARY  ROCKS  I 

Everybody  has  seen  how  rocks  are  worn  away  or  eroded,  by  the  action 
of  wind,  rain,  snow,  and  frost  and  how  from  the  crumbled  fragments 
soil  is  formed.  Familiar  also  is  the  work  of  streams  and  rivers  in  carrying 
this  soil  from  the  land  to  deposit  it  in  lakes  or  in  the  sea,  or  in  times  of 
flood  over  the  adjoining  land.  Fhe  ceaseless  pounding  of  the  waves  on  a 
rocky  shore  gradually  reduces  the  rocks,  first  to  boulders,  then  pebbles, 
and  finally  to  fine  sand  and  mud.  Material  from  the  seashore  is  deposited 
on  the  sea  floor,  the  coarser  material  near  shore,  the  finer  material 
farther  out.  Sediments  deposited  in  either  fresh  or  salt  water  become,  in 
the  course  of  time,  sedimentary  rocks. 

Slow  and  gradual  changes  in  level  between  the  land  and  the  sea  have 
been  proved  to  be  in  process  at  various  places  on  the  surface  of  the  earth. 
Such  changes  in  level  are  most  easily  seen  and  determined  on  the  sea¬ 
shore.  In  some  places,  as  on  the  eastern  coast  of  the  United  States,  the 
land  is  very  gradually  sinking  into  the  sea,  while  elsewhere,  as  on  the 
Pacific  coast,  the  land  is  gradually  rising.  The  sinking  of  the  land  is 
called  submergence.  During  geological  time  large  areas  of  the  North 
American  continent  have  at  different  times  been  submerged.  Such  sub¬ 
merged  areas  formed  large  gulfs  and  inland  seas  and  became  in  time 
covered  with  marine  deposits,  in  which  coarse  sand  and  pebbles  mark 
the  ancient  seashore.  When  later  an  emergence  of  this  land  out  of  the 
sea  occurs,  the  sedimentary  rocks  tell  the  story  of  the  submergence. 

Emergence  of  the  land  may  be  accompanied  by  a  folding  of  the  layers, 
or  strata,  of  sedimentary  rock  and  erosion  of  the  exposed  surface.  The 
sedimentary  rocks  wear  away  unevenly,  making  a  new  landscape.  When 
later  another  submergence  occurs  and  a  new  layer  of  sedimentary  rocks 
is  formed  they  are  deposited  on  the  eroded  surface  of  the  older  rocks 
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and  wliac  is  called  an  unconformity  exists  between  the  two  layers  or 
strata.  An  uneonformity  in  sedimentary  rocks  indicates  an  unknown 
interval  of  time,  usually  of  great  extent,  between  the  formation  of  the 
rocks  which  it  separates. 

Water  is  not  the  only  agency  which  transports  materials  and  brings 
about  the  formation  of  sedimentary  rocks.  During  volcanic  eruptions 
large  quantities  of  fine  ash  are  thrown  into  the  atmosphere  and  carried 
by  air  currents  to  be  laid  as  a  fine  dust  over  the  land  and  sea.  Winds 
pick  up  desert  sand  and  transport  it  from  place  to  place. 

2.  PIECING  THE  RECORD  TOGETHER 
A.  LAW  OF  SUPERPOSITION 

A  river  gorge  or  canyon  (Fig.  40:2)  often  affords  a  good  opportunity 
to  study  sedimentary  roeks  cut  in  sections.  They  then  appear  in  layers 
or  strata,  superimposed  one  upon  another  like  the  layers  of  a  cake.  The 
different  strata,  and  if  the  gorge  is  a  deep  one  there  will  usually  be  several, 
are  distinguished  by  the  nature  of  the  sedimentary  rocks  which  compose 


ig.  40:2  A  vi<w  of  (hr  ( Ir.-uKl  Clanyon  of  the  Uoloraao  i^ivcr  .uuwu.g  ------- 

(  (l.r,  I'hoicKi-.il.l.  n  |,r.xh.cocl  by  permission  of  the  Union  Pacific  Railway  Com 

;my. 
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them,  i.c.,  whether  sandstone,  shale,  or  other  rock.  From  our  knowledge 
of  the  manner  in  which  these  rocks  were  formed  it  is  clear  that,  in  gen¬ 
eral,  the  strata  are  arranged  in  the  order  of  their  ages,  the  youngest  on 
top,  the  oldest  below.  This  simple  and  self-evident  principle  is  called  the 
law  of  superposition. 

B.  IDENTIFICATION  OF  STRATA 

Extensive  studies  have  been  made  of  the  fossils  which  occur  in  the 
strata  exposed  at  different  i)oints  on  the  surface  of  the  earth.  It  is  now 
well  established  that  each  continuous  layer  or  stratum  has  a  charac¬ 
teristic  group  or  list  of  fossil  species  which  make  up  its  fossil  fauna  and 
flora.  Some  of  the  species  may  extend  through  several  strata  but  most 
of  them  will  be  limited  to  a  stratum  formed  by  the  continuous  deposit 
of  one  type  of  sediment.  I'his  fact  was  discovered  in  1798  by  William 
Smith,  a  surveyor.  For  years  Smith  collected  fossils  from  the  different 
kinds  of  rocks  exposed  in  quarries  in  the  south  of  England.  One  day  as 
he  was  cataloguing  his  collection  he  discovered  that  certain  fossils  al¬ 
ways  occurred  in  the  same  kind  of  rock  or,  as  he  expressed  it,  in  the  same 
stratum  and  not  in  other  strata.  He  reasoned  from  this  that  fossils  could 
be  used  to  identify  a  stratum  in  different  quarries.  ITis  method  of 
identifying  deposits  by  the  fossils  which  they  contain  has  been  checked 
in  many  cases  where,  as  in  the  south  of  England,  many  strata  lie  one  on 
top  of  the  other  and  the  law  of  superposition  can  be  applied.  The  dis¬ 
covery  is  now  regarded  as  a  fundamental  principle  of  the  science  of 
geology. 

The  principle  by  which  sedimentary  rocks  are  classified  by  the  char¬ 
acteristic  groups  of  fossils  which  they  contain  makes  it  possible  to  corre¬ 
late  strata  found  in  widely  different  parts  of  the  earth  and  to  construct 
a  geological  timetable.  It  should  be  emphasized  that  the  application 
of  this  principle  in  no  way  assumes  the  evolution  of  organisms  from 
lower  to  higher  forms,  that  it  was  discovered  quite  independently  of  the 
idea  of  evolution,  and  that  it  could  be  applied  without  any  consideration 
of  evolution. 

3.  THE  GEOLOGICAL  TIMETABLE 

From  the  foregoing  it  must  have  become  evident  that  the  rocks  of  the 
earth’s  crust,  especially  the  sedimentary  rocks,  contain  the  history  of 
the  changes  which  have  occurred  on  its  surface.  At  no  one  place  on  the 
land  is  there  a  complete  series  of  sedimentary  rocks.  Just  because  it  is 
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land  this  is  impossible.  The  complete  story  must  be  obtained  by  compar¬ 
ing  the  records  available  in  different  localities  and  correlating  them.  In 
this  way  it  is  possible  to  construct  a  geological  timetable. 

The  time  of  which  we  have  a  record  in  the  sedimentary  rocks  is  divided 
into  five  eras  which  are  named  according  to  the  kind  of  living  things 
known  or  inferred  to  exist  during  the  era.  The  first  or  oldest  era  is  called 
the  Archeozoic,  or  era  of  primitive  life,  the  second,  the  Proterozoic,  or 
era  of  early  life,  the  third  the  Paleozoic,  or  era  of  ancient  life,  the  fourth 
the  Mesozoic,  or  era  of  medieval  or  middle  life,  and  the  fifth  and  to  date 
the  last,  the  Cenozoic  or  era  of  modern  life.  The  eras  are  divided  into 
periods  (Table  40:1).  The  rocks  formed  during  an  era  make  up  a  group, 
those  formed  during  a  period  make  up  a  system.  Thus  there  is  a  Paleozoic 
group  and  a  Cambrian  system. 

Recently  a  method  using  data  of  an  entirely  different  kind  has  been 
found  to  check  the  results  of  the  geologist.  This  method  also  makes 
possible  a  determination  of  the  approximate  dates  (in  millions  of  years) 
of  the  beginning  and  end  of  each  era. 

The  element  uranium  changes  by  a  long  series  of  transformations  into 
the  element  lead.  When  uranium  and  lead  occur  together  in  a  small 
fragment  of  sedimentary  rock  otherwise  free  from  lead  and  uranium  it 
may  be  assumed  that  the  lead  was  formed  by  transformation  from  the 
uranium.  The  rate  at  which  uranium  forms  lead  is  independent  of  the 
conditions  under  which  it  occurs  and  has  been  determined  to  be  such 
that  7,400,000,000  grams  uranium  yield  1  gram  lead  per  year.  Hence 
the  age  of  a  piece  of  rock  containing  uranium  and  lead  can  be  determined 
from  the  proportions  of  these  elements  which  it  contains,  thus. 


weight  of  lead 

Age  of  roc  k  —  uranium 


X  7400  million  years 


The  figures  in  the  second  column  of  the  accompanying  table  were  ob' 
tained  in  this  way. 

It  may  be  said  that  throughout  the 
represented  in  the  ttilile  tlie  climate  and 
cally  dillerent  from  those  of  recent  times  and  were  favorable  to  the  ex^ 

istenee  of  life. 


period  of  the  earth’s  history 
other  conditions  were  not  radi- 


4.  THE  FOSSIL  RECORD 

A.  THE  ARCHEOZOIC  AND  PROTEROZOIC  ERAS 

With  the  possilile  exee|)tion  of  one  or  two  doubtful  cases  no  fossils  have 
been  found  in  Archeozoic  rocks.  In  rocks  of  the  Proterozoic  era  fossils 


TABLE  40:1.  GEOLOGICAL  TIMETABLE  ‘ 


6 

u 

.£ 

CO 

J  *1  2 

-.he 

"0 

o 

•5  s 

> 

2 

u 

o 

C 

rs 

Vm 

0 

u 

bo 

JS 

-  -3  ^ 

><  o  bc 

W  £  c 

•3  8  S 

?  == 

1 "  = 

E  ii  5 
.E 

J  if  c 

ifl 

■h 

q.vE 

FORMS  OF  LIFE 

CO 

13 

E 

p 

E 

E 

§  & 
e  13 

°  ‘o 

c 

Cm 

-0 

c 

— 

T3 

c 

rt 

"(3 

E 

E 

P3 

E 

0 

c 

o 

‘u 

</) 

"rt 

c 

E 

5 

E 

o 

*2 

"E 

u 

ra 

*0 

*0 

.2 

5 

to 

"(3 

g 

E 

2 

c 

u 

u 

1 

p 

primitive  mammals,  rise  c 

ad  of  pterodactyls.  Gymnc 

,  -3 

CO  C 

fc  U 
Q.'o 

to- ”3 
u  ra 

3  O 
^ 

«  a 
c 

o  c 

S  .2 

c 

o 

c 

.0 

'o 

'o  a 

■■3  J2 
rs 

c  t; 

E  .2 

E 

c 

'E 

o 

■=■3 

"3 

as 

V 

u 

^  li 

-3  «« 

II 

(T.  33 

o  E 
o  E 

0  y. 

a  W 

3 

iSl 

a. 

c/5 

^  a 
:  0  c;5 

.2  ^ 

^  5 

CM 

_C 

8 

E 

P  3 
3:  -3 

^  E 

2 

rj 

0  C 

2 

at 

e 

S 

*2 

c 

3 

c 

malayas. 
period,  ^ 

11 

5  § 

u 

< 

V 

v3  U 

rs 

u. 

^-3 
—  C 

o 

c 

u 

< 

4 

ij 

u 

"3 

O  to 
>  t> 

CO 

•3 

C 

i 

-2 

0 

U] 

0 

S 

0 

2 

*o 

« 

2 

c 

V 

c 

■^1 

cl 

=  ■§ 

3  ^ 

J2 

_o 

'o 

O 

u 

R3 

JS 

bc 

u 

c 

o 

u 

•£  o 

tJC 

c  c 

bc 

M  V) 

Ct  C 

o 

u 

CJ 

u 

o 

*3 

1 

o 

bi 

■•5  'c 

■  3  -  : 

C 

«  1 

E 

13 

u 

u 

RJ 

—  u 
1 1 

1 

u 

c 

o 

u 

O 

u 

u 

o 

V) 

V 

c 

u 

u 

0 

o 

C  0 

o 

c 

o 

u 

c 

u 

c 

V 

8 

u 

c 

^  T 

8 

8 

bo 

u 

u 

V  W 

ZC  O. 

Cu 

0 

o 

U3 

CO 

3 

0 

.  . 

. . 

PERIODS 

XjBUJOjEn^ 

AjBUJ3X 

O 

2 

o 

u 

U 

Jurassic 

Triassic 

» 

- 

o 

vO 

200 

-f-  %l 

%t7  DTOZO 
-S3J\  3JEq 

%£  DTOZO 
-SDJ-yl  X[JE3 

at 

Ed 

%£  DTOZOU33 

OIOZOSOJ^ 

816 


*  Approximate  time  which  has  elapsed  in  millions  of  years. 

*  Compiled  from  Charles  Schuchert  and  Carl  O.  Dunbar,  A  Textbook  oj  Geolo^^y\  Part  II:  Historical  Geology, }o\\n  Wiley  &  Sons,  Inc.,  New  ^’ork, 
1933;  and  Alfred  S.  Romer,  Man  and  the  Vertebrates,  the  University  of  Chicago  Press,  Chicago,  1941. 
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have  been  found  which  are  said  to  be  the  remains  of  algae  which  sur-  ^ 
rounded  themselves  with  a  precipitate  of  calcium  carbonate.  Algae  ol 
this  nature  are  common  reef-forming  organisms  today.  In  these  rocks  " 
are  also  the  remains  of  Radiolaria  and  four  orders  of  sjx)nges.  Th(  ^ 
highest  type  of  life  represented  is  that  of  wormlike  creatures  recorded 
by  trails  and  burrows.  To  this  short  list  of  definite  fossils  should  probably  ' 
be  added  the  carlxjn  which  occurs  in  black  shales  and  slates  and  the 
graphite  (also  carbon)  which  occurs  in  Ix'ds  interspersed  between  scdi-|f 
mentarv'  rocks.  Whenever,  in  later  rocks,  carbon  occurs  either  in  bedsjl 
as  in  the  case  of  coal,  or  disseminated  through  the  rock  as  in  that  of  black  U 
shales,  its  presence  can  be  traced  with  certainty  from  microscopic  or  J 
other  evidence  to  the  previous  presence  of  [)lant  or  £mimal  tissues  which  1* 
were  buried  with  the  sediments  forming  the  rocks. 

When  it  is  remembered  that  the  Archeozoic  and  Proterozoic  eras  * 
represent  together  probably  at  least  two-thirds  of  the  time  during  which 
conditions  on  the  earth  were  likely  to  have  been  suited  to  the  existence 
of  life,  the  geological  record  seems  meager  in  the  extreme.  Two  reasons 
may  be  advanced  why  this  record  may  only  vers'  incompletely  represent 
the  organic  |X)pulation  of  these  remote  eras:  The  plants  and  animals 
may  have  been  mostly  soft  lx)dicd  and  without  skeletons  or  other  hard 
parts  which  could  form  fossils;  we  know  that  in  many  cases  the  rocks  of 
these  eras  bear  evidence  of  exposure  to  great  pressures  and  high  tempera¬ 
tures  after  they  were  buried  beneath  the  rocks  of  subsequent  eras  —  pres¬ 
sures  and  temperatures  which  may  have  obliterated  fossil  remains. 

The  geological  evidence  indicates  that  a  long  internal  of  time  must 
have  passed  between  the  end  of  the  Proterozoic  and  the  beginning  of 
the  Paleozoic  eras.  Of  what  happened  during  this  time  except  the  erosion 
of  land  surfaces  no  record  has  yet  been  found. 

B.  THE  PALEOZOIC  ERA 

For  the  purpose  of  description  the  Paleozoic  era  will  be  divided  into 
Early,  Middle,  and  Late  Paleozoic.  The  Early  Paleozoic  includes  the 
Cambrian  and  Ordovician  periods,  the  Middle  Paleozoic  the  Silurian 
and  Devonian  periods,  and  the  Later  Paleozoic  the  Mississippi,  Pennsyl¬ 
vanian,  and  Permian  periods,  often  called  collectively  the  Carboniferous. 

(1)  THE  EARLY  PALEOZOIC 

The  rocks  formed  during  the  Early  Paleozoic  in  North  America  were 
in  most  cases  deposited  in  the  shallow  water  of  vast  inland  seas  during  a 
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gradual  submergence  of  the  land,  which  ended  with  fully  half  of  the 
interior  of  the  continent  under  salt  water.  For  the  first  time  in  the  geo¬ 
logical  record  fossils  are  numerous  and  well  preserved.  From  the  dim 
past  life  bursts  upon  the  scene  in  great  variety.  Most  of  the  phyla  of  the 
animal  kingdom  already  have  made  their  appearance.  “The  dominant 
creatures  of  the  Early  Paleozoic  seas  were  the  trilobites,  swimming, 
groveling  crustaceans  of  predacious  and  scavenging  habits,  which  became 
30  numerous  and  varied  as  to  make  up  fully  60  per  cent  of  the  known 
fauna.”  ^  “In  their  day  they  boasted  the  greatest  size  if  not  the  highest 
intelligence  of  any  animals  upon  the  earth.  Even  so,  they  were  small, 
generally  ranging  between  one  and  three  or  four  inches  in  length.”^ 
The  largest  was  about  18  inches  long.  It  is  an  interesting  commentary 
on  the  history  of  life  upon  the  earth  that  these  small  arthropods  dominated 
the  inhabited  world  for  a  period  more  than  one  hundred  times  as  long 
as  that  which  has  seen  the  dominance  of  man.  Next  to  the  trilobites  in 
abundance  came  the  brachiopods,  mollusklike,  shelled  creatures  of 
3mall  size  which  constituted  30  per  cent  of  the  fauna.  Abundant  also 
are  fossils  of  a  reef-building  form  believed  to  represent  a  primitive  coral 
and  later  fossils  of  true  corals.  Some  remarkably  well-preserved  fossils 
from  the  mountains  of  British  Columbia  show  many  species  of  Crustacea 
and  worms  in  such  fine  detail  that  delicate  microscopic  hairs  and  the 
outlines  of  internal  organs  can  be  seen. 

Among  the  most  interesting  of  the  fossils  found  in  the  later  rocks 
(Ordovician)  of  the  Early  Paleozoic  are  fragments  of  bony  plates  which 
have  been  identified  as  the  armor  of  small,  fishlike  creatures  called 
Ostracoderms.  No  fo.ssils  of  either  land  plants  or  land  animals  have  been 
bund  in  fkirly  I^alcozoic  rocks. 


(2)  THE  MIDDLE  PALEOZOIC 

Inchided  in  (he  Middle  Paleozoic  are  the  Silurian  (Fig.  40:3)  and 
h(‘  Devonian  piaaods  (lug.  40:4).  During  this  time  there  occurred  a 
rradnal  einereenee  of  (h(‘  land  from  the  vast  seas  which  spread  over  the 
’(.nii.wnt  during  lli<-  I'-arly  I'alco/.ok',  so  that  by  the  end  of  the  Middle 
*aleoz()i('  the  entire  (aaitiiKMit  was  above  water. 

The  first  nncjnest  ional  >!('  records  of  land  plants  come  from  rocks  of  the 
Vliddle  l>alco-/()ie.  'I'lie  earliest  of  tliese  fossils  represent  fernlike  plants, 
ih<-y  an-  rare  and  (h<-  sirueture  of  llte  plants  they  represent  somewhat 
,rol,le,natieal.  'Hk-  first  ahnndant  and  well-preserved  fossils  of  land 
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Fig.  40:3  Silurian  (Middle  Paleozoic)  marine  life  from  the  rocks  of  Xcw  York  State.  - 
Two  large  eurypterids,  scorpionlike  arthrojxxls,  are  very  much  in  evidence,  one  standing  , 
up  on  the  left,  the  other  approaching  it  on  the  bottom  from  the  right.  .Mso  present  on  the 
ocean  floor  arc  the  coiled  shells  of  gastrop<xi  mollusks  and  algae.  Photograph  of  a  recon¬ 
struction  in  the  New  York  State  Museum  at  .\lbany. 

\vc  would  c.xpcct  the  ancestors  of  the  higher  vertebrates  to  be  than  are 
the  modern  fishes.  Certain  of  the  lungfishes  reached  a  length  of  20  to 
25  feet  and  were  probably  the  most  formidable  animals  of  the  time. 

In  rocks  deposited  toward  the  end  of  the  Middle  Paleozoic  (Late 
Devonian)  have  been  found  the  earliest  records  of  land  vertebrates.  | 
These  animals,  called  stegocephalians,  were  primitive  amphibians. 
Recently  several  fossil  skulls  and  limbs  have  been  found  in  the  Late 
Devonian  rocks  of  east  Greenland.  The  animals  were  not  of  large  size 
compared  with  some  of  the  fishes  then  existent,  although  they  would  be 
giants  if  placed  among  the  amphibians  of  today.  The  skulls  measured 
from  A}4  to  7  inches  in  length.  Our  earliest  records  of  land  plants  and 
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plants  represent  gymnosperms.  In  the  Cat.skill  Mountains  a  forest  of^ 
these  strange  plants  is  [)rcserv('d,  tall  slender  trees  with  scalelike  leavers, 
and  bearing  seeds  at  the  ends  of  modified  leaflets. 

But  the  Middle  Paleozoic  and  especially  the  Devonian  is  best  known 
for  its  fossil  fish  (I’ig.  40:5).  I’hesc  were  chiefly  of  two  kinds,  sharks 
(Llasmobranchii)  and  lungfishes  (Dipnoi),  the  latter  Ixring  provided 
with  an  air  bladder  which  could  l)e  used  as  a  lung.  All  were  simple  types 
with  cartilaginous  skeletons.  In  some  respects  they  were  more  like  what 


Fig.  40:4  Early  Devonian  (Middle  Paleozoic)  marine  life  from  New  York  State. 
On  the  left  is  a  large  crinoid  (phylum  Echinodermata).  The  body  of  the  animal  is  pear- 
shaped  and  attached  by  a  long  stalk  to  the  ocean  floor;  the  arms  are  attached  to  the 
broader  end  and  float  toward  the  right.  Surrounding  the  stalk  of  the  crinoid  are  algae. 
In  front  of  these  anfl  partly  buried  in  the  sand  is  a  trilobite  (phylum  Arthropoda)  with  a 
double  row  of  dorsal  spines.  In  the  foreground  near  the  trilobite  several  small  brachiopods 
are  on  the  sand,  d'he  larg('  coiled  sh(*ll  with  ornate  flanges  is  that  of  a  cephalopod  (phylum 
Mollu-sca)  which  is  attacking  a  trihjbite.  Still  other  trilobitcs  appear  further  to  the  right 
and  near  the  riglit  maigin  isthe  spiny  sliell  of  a  gastropod  mollusk.  Photograph  of  a  recon¬ 
struction  in  New  York  State  .Museum  at  Albany. 


Fig.  ‘10:.')  Late  Devonian  (Middle  P.deo/oic)  marine  life  from  New  York  State.  On 
the  |eli  are  four  beanlilnl  vas<  like  glass  sponges  (|)hyluin  Porilera).  Toward  the  center 
from  iIhmii  is  a  large  (  cphak )pod  (ph\  lmn  Mollusca)  in  a  coiled  shell.  In  the  center  swim- 
mi.ig  among  alga-  are  two  small  Irslu-s  Lying  on  the  ocean  floor  is  another  cephalopod 
whieh  ha.s  a  long,  str.iiidil.  t ohm  .il  shell.  In  the  loreground  rurthcr  to  the  right  is  a  sttiihsh. 
Cbi  the  rxtreme’right  is  a  (  riiioKl.  Thotograph  of  a  reconstruction  in  the  New  York  State 
Museum  at  Albany. 
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animals  come  from  a  time  when  the  vast  inland  seas  of  the  Early 
Paleozoic  were  gradually  drying  up  due  to  the  emergence  of  the 
continent. 

An  abundant  and  Vciried  invertebrate  fauna  existed  during  the  Middle 
Paleozoic.  Trilobites  were  decreasing.  Eurypterids  or  sea  scorpions, 
arachnids  which  resembled  true  scorpions,  culminated  and  declined. 
Fragmentary  fossils  of  one  of  these  creatures  from  the  Silurian  of  western 
New  York  indicate  an  animal  9  feet  in  length  —  possibly  the  largest 
arthropod  which  has  ever  existed. 

(3)  THE  LATE  PALEOZOIC 

The  Late  Paleozoic  includes  the  Mississippian,  Pennsylvanian,  and 
Permian  periods.  During  this  time  a  submergence  of  the  southern  and 
central  portion  of  the  North  American  continent  was  followed  by  an 
emergence  in  which  the  coast  line  extended  even  beyond  its  previous 
contour. 

The  great  coal  beds  which  arc  the  most  conspicuous  feature  of  this 
time  represent  in  most  cases  ancient  peat  bogs  which  became  submerged 
and  covered  with  sedimentary  rocks.  Usually  the  vegetable  matter  has 
become  so  compacted  that  its  fossil  nature  cannot  be  detected  by  the 
naked  eye.  Microscopic  examination  of  ground  and  polished  sections 
usually  reveals  the  cellular  structure  of  plants.  It  was  a  time  of  great 
swamp  lands  with  forests  of  fast-growing,  soft-tissued,  fernlike  trees  and 
dense  undergrowth  of  smaller  fernlike  plants.  The  trees  were  very  differ¬ 
ent  from  those  existing  today.  Tall  graceful  tree  ferns  with  high  leaves 
rose  to  a  height  of  50  feet.  The  scale-trees  were  the  largest  plants  of 
these  ancient  forests.  They  grew  to  a  height  of  100  feet  and  a  diameter  of 
6  feet.  Their  name  is  due  to  the  large  and  conspicuous  scars  which  their 
leaf  bases  left  upon  the  trunk.  The  forerunners  of  the  modern  conifers 
were  slightly  taller  but  more  slender  trees.  Their  leaves  had  the  shape 
of  blades  and  not  needles  like  the  pine  trees  of  today.  No  fossil  angio- 
sperms  have  been  found  in  the  Paleozoic. 

A  conspicuous  feature  of  the  land  plants  of  the  Late  Paleozoic  is  the 
occurrence  of  the  same  species  in  widely  different  parts  of  the  world  now 
separated  by  oceans.  This  is  explained  as  due  to  their  migration  from 
one  continent  to  another  over  land  connections  now  submerged.  The 
luxuriant,  humid  forests  of  the  Late  Paleozoic  provided  habitats  for 
many  new  types  of  land  and  fresh- water  animals.  The  great  migration 
from  the  sea  to  the  land  had  started  in  earnest.  Land  snails,  spiders,  and 
insects  appear  for  the  first  time  in  the  fossil  record.  Most  remarkable 
were  the  insects  (Fig.  40:6).  Some  four  hundred  or  more  different  species 
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are  known,  but  they  were  strange  primitive  forms  usually  quite  unlike 
any  of  those  living  today.  The  cockroaches  were  an  exception  for  they 
seem  to  have  been  even  more  abundant  then  than  today,  and  some 
species  reached  a  length  of  3  to  4  inches !  What  were  probably  the  largest 
insects  of  all  time  —  great  dragonflies  with  a  wing  spread  of  over  2  feet  — 
flew  over  the  swamps  of  the  coal  forests. 

It  is,  however,  the  amphibian  fossils  which  characterize  the  Late 
Paleozoic  and  cause  it  to  be  called  the  Age  of  Amphibians.  Eighty- 


g.  40:6  l^hol()gra|)h  of  a  fossil  of  a  primitive  insect  (Dunbana  Jasciipenms,  iron:  une 
irly  Permian  period  (l.ale  Paleozoic  era).  Reproduced  by  permission  of  the  Peabody 
[useuin  of  Yale  University. 


eight  different  species  arc  known  from  North  America  alone.  They  vwre 
tarly  all  small  sprawling  creatures,  many  only  a  few  inches  long.  e 


nCcXliy  Clll  .-51110.11  .-Ijyi  ^ - y  , 

largest  was  not  greater  than  10  feet  over  all.  Like  their  forerunners  of 
the  Middle  Paleozoic,  they  were  stegocephalians  and  had  heads  encase 
in  lx)ny  plates  of  armor. 

In  the  Late  Ptileoz.oic  reptiles  for  the  first  time  appear  upon  the  scene. 
Most  of  tli(‘  fo.ssils  rcj^rcsent  long-bodied,  long-tailed,  and 
ereatuics.  (Of  great  interest  are  the  theriodonts,  short,  thick-bodied 
reptiles  which  may  have  been  closely  related  to  the  ancestors  of  the  mam¬ 
mals.  They  earrie.l  their  bodies  clear  of  the  ground.  The  bones  of  their 

skulls  show  :i  relationshi|)  to  mammals.  .  .  a 

An  abundant  and  vari.d  marine  invertebrate  fauna  existed  dun  g 
Pal.-oz.oie  but  s.ime  of  the  older  forms  like  the  trilobites  which 


the 


had  Ix'cii  domiiiaiil  in  lh(‘  c 


;irly  ])art  of  the  era  became  extinct. 
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C  THE  MESOZOIC  ERA 

The  Mesozoic  era  is  divided  into  the  Early  Mesozoic  which  includes 
the  Triassic  and  Jurassic  periods  and  the  Late  Mesozoic  which  consists 
of  the  Cretaceous  period.  The  close  of  the  Paleozoic  era,  it  will  be  re¬ 
membered,  was  marked  by  a  complete  retreat  of  the  oceans  from  the 
land  surface  of  the  continent.  It  must  have  been  a  long  time  before 
the  sea  again  encroached  upon  the  land  and  left  marine  deposits,  since  the 
deposits  of  the  Mesozoic  reveal  an  entirely  new  fauna.  The  submergence 
of  the  land  continued  during  the  Early  Mesozoic  and  even  into  the  Late 
Mesozoic  until  fully  half  of  the  continent  was  covered  by  vast  shallow 
arms  of  the  sea.  This  was  followed  in  the  latter  part  of  the  Late  Mesozoic 
by  an  emergence  which  carried  the  coast  line  to  approximately  its  pres¬ 
ent  position. 

(1)  THE  EARLY  MESOZOIC 

The  fossil  plants  of  the  Early  Mesozoic  like  those  of  the  end  of  the 
Paleozoic  were  pteridophytes  and  g)'mnosperms,  but  they  had  a  some¬ 
what  more  modern  aspect,  and  we  begin  to  recognize  a  resemblance  to 


Fig.  40:7  Brontosaurus,  a  sauropod  from  the  Upper  Jurassic  (Early  Mesozoic)  with  a 
man  drawn  to  the  same  scale,  from  a  reconstruction  in  the  American  Museum  of  Natural 
History. 

existing  groups.  Because  the  most  characteristic  plants  of  this  time  were 
the  cycads  this  has  been  called  the  Age  of  Cycads.  They  were  large  i 
palmlike  plants  with  huge  divided  leaves.  A  few  of  them  have  lived  on  ^ ' 
into  modern  times.  They  are,  however,  related,  not  to  the  modern  palms, 
but  to  the  conifers.  Like  them  they  bore  staminate  and  carpellate  cones 
and  formed  naked  seeds. 

A  thousand  or  more  species  of  insects  are  known  from  the  Early 
Mesozoic  and  most  of  the  modern  orders  are  represented  —  termites 
(Order  Isoptera),  grasshoppers  and  cockroaches  (Orthoptera),  cicadas 
(Hemiptera),  caddis  flies  (Neuroptera),  flies  (Diptera),  beetles  (Coleop- 
tera),  bees,  wasps,  and  ants  (Hymenoptera) .  It  is  doubtful  whether  any 
of  the  fossils  represent  moths  or  butterflies,  insects  which  in  general 
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depend  for  their  livelihood  upon  flowering  plants  of  which  also  we  have 
no  fossil  record.  The  marine  invertebrates  resembled  modern  forms. 
The  corals  belonged  to  modern  families.  There  were  abundant  gastro¬ 
pods  and  pelecypods  (bivalves)  resembling  those  of  the  present  day,  and 
numerous  lobsters  and  shrimps.  The  cephalopods,  curious  shelled  forms 
(ammonites  and  belemnites),  would,  however,  look  very  strange  in  a 
modern  aquarium. 


Fossils  of  bony  fishes  (Tcleostei)  appear  for  the  first  time  in  the  Early 
VIeso/.oic  but  they  arc  rare  compared  with  those  of  sharks  and  the  an- 
:ient  relatives  of  the  sturgeon  (Holostei).  Lungfishes  became  rare.  Am¬ 
phibians  were  fairly  numerous  at  the  beginning  of  Early  Mesozoic 
md  reached  a  large  size,  one  form  having  a  length  of  15  to  20  feet  an 
a  skull  4  f<-et  long.  After  this  they  gradually  declined,  becoming  rare  at 
the  end  of  ih<-  |urassic  period  and  never  again  becoming  prominent 
The  Mesozoic  is  aliove  all  the  Age  of  Reptiles.  Already  m  he  Early 
Me.sozoie  dinosaurs,  pt.TOsaurs,  and  ichthyosaurs  ruled  the  land, 
air,  and  th<-  s<-a.  The  picture  which  the  laborious  excavation  and  resWr  ^ 
tion  of  th,-  fossils  of  Ihesi-  bizarre  and  often  gigantic  creatures  has  given 
,o  th,.  world  is  perhaps  the  most  romantic  that  science  has  to  offer. 
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Suddenly,  as  it  seems  in  terms  of  geological  time,  they  overwhelmed  the 
earth  and  dramatized  an  era.  From  rather  small  beginnings  in  the  Late 
Paleozoic  they  rose  into  prominence  and  reached  their  culmination  in 
the  middle  of  the  Mesozoic. 

The  reptiles  of  the  Mesozoic  well  illustrate  a  principle  already  dis¬ 
cussed,  namely,  adaptive  radiation.  I'hc  reptiles  of  the  Mesozoic  radi¬ 
ated  adaptively  in  three  directions,  the  dinosaurs  or  “terrible-lizard.s” 
went  out  over  the  land,  the  pterosaurs  or  “winged-lizards”  went  into  the 
air,  and  the  enaliosaurs  returned  to  the  home  of  their  ancestors,  the  sea. 

The  dinosaurs  were  terrestrial  reptiles  which  walked  with  their 
bodies  clear  of  the  ground.  Some  species  walked  on  all  fours,  other 
species  adopted  a  bipedal  gait  with  the  body  supported  on  the  two  hind 


■ 


Fig.  40:9  Pteranodon,  an  enormous  pterosaur  which  lived  in  the  cretaceous  period  (Late 
Mesozoic  era).  From  a  photograph  of  a  reconstruction  made  under  the  direction  of  Pro¬ 
fessor  S.  P.  Langley  in  the  United  States  National  Museum.  Reproduced  by  permission. 


legs  and  balanced  by  a  long  tail.  They  ranged  in  size  from  small  forms 
2}^'2  feet  in  length  up  to  the  largest  land  animals  of  all  time.  From  the 
many  different  types  of  dinosaurs  a  few  are  selected  for  description. 
The  sauropods  were  large  plant-eating  dinosaurs  with  grinding  teeth. 
Well-preserved  skeletons  have  been  found  measuring  100  feet  in  length 
(Fig.  40:7).  The  stegosaurs  were  large  dragonlike  creatures  with  a 
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double  row  of  bony  plates  extending  along  the  back.  The  theropods 
were  carnivorous  dinosaurs  with  large  heads  and  sharp  teeth.  They 
walked  on  their  massive  hind  legs,  using  their  smaller  forefeet  for 
grasping  their  prey  (Fig.  40:8). 

The  pterosaurs  were  perhaps  the  most  marvelous  and  strange  of  all 
the  Mesozoic  reptiles.  The  “little”  fingers  (fifth  digits  of  the  hands) 
formed  long,  jointed  supports  for  membranous  folds  of  skin  which  ex¬ 
tended  from  them  to  the  sides  of  the  body  and  the  hind  legs  and  in  the 
case  of  tailed  forms  to  the  tail,  forming  wings.  One  of  these,  Pteranodon 
(Fig.  40:9),  had  a  wing  spread  of  over  20  feet,  about  twice  that  of  the 
largest  known  bird,  but  its  body  was  scarcely  larger  than  that  of  a  turkey. 


10  /<  .HI  K  lilh'- 
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,1„.  ,hn  (  lion  of  Henry  Fairfield  Osborn.  .Repro- 
iMns<'(un  (»!'  Natural  History. 
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The  enaliosaurs  included  the  ichthyosaurs  or  fish-lizards  and  the 
plesiosaurs.  'Fhe  plesiosaurs  were  aquatic  animals  with  heavy  bodies, 
long  slender  necks,  small  heads,  short  tails,  and  powerful,  paddlelike 
limbs.  They  lived  on  fish.  The  ichthyosaurs  were  more  perfectly  adapted 
to  life  in  the  sea  and  corresponded  to  the  modern  dolphins  (which,  how¬ 
ever,  are  mammals).  In  appearance  they  were  like  large  fish  with  long 
jaws  and  sharp  teeth,  and  a  tail  and  fins  externally  like  those  of  a  fish 
(Fig.  40:10).  Most  reptiles  lay  eggs  and  when  they  are  aquatic  return 
to  land  for  breeding.  The  ichthyosaurs  are  known  from  the  skeletons  of 


Fig.  40:11  A  restoration  of  Archaeopteryx,  a  primitive  bird  from  the  Jurassic  (Early 
Mesozoic).  After  Romanes,  Darwin  and  after  Darwin;  from  Haupt,  Fundamentals  of  Biology, 
by  permission  of  the  Open  Court  Publishing  Company  and  McGraw-Hill  Book  Company, 
Inc. 
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unborn  young  found  within  the  ribs  of  the  mother  to  have  been  vivip¬ 
arous. 

Although  reptiles  dominated  the  scene  in  the  Mesozoic,  birds  and 
mammals  had  already  made  a  beginning  in  the  early  half  of  the  era. 
The  earliest  known  bird,  Archaeopteryx,  was  about  the  size  of  a  crow 
but  in  some  respects  was  more  reptilelike  than  birdlike.  The  beautifully 
preserved  fossils  of  this  animal  show  that  it  was  covered  with  feathers 
and,  therefore,  was  a  bird,  but  it  had  claws  on  its  wings  and  teeth  in  its 
jaws  (Fig.  40:11).  The  earliest  mammals,  which  are  represented  by 
fossils  in  rocks  of  the  Early  Mesozoic  (Triassic),  were  small  animals  no 
bigger  than  a  mouse  or  rat  and  were  primitive  forms  resembling  the 
Prototheria. 


(2)  THE  LATE  MESOZOIC 


The  Late  Mesozoic  is  synonymous  with  the  Cretaceous  period.  In  this 
period  fossil  angiosperms  appear  in  the  rocks  for  the  first  time.  They 
seem  to  have  become  abundant  rather  suddenly  since  by  the  end  of  the 
period  they  were  the  dominant  group  of  plants.  The  species  were  different 
from  those  existing  today  but  in  some  cases  the  genera  were  the  same 
and  we  find  the  fossils  of  such  plants  as  oaks,  elms,  maples,  figs,  palms. 


and  grasses. 

The  various  phyla  of  invertebrates  which  were  established  in  the 
Paleozoic  continued  through  the  Mesozoic  with  certain  changes  in  the 
types  and  their  abundance. 

Among  the  fishes,  sharks  became  so  abundant  as  to  have  left  large 
numhers  of  fossil  teeth.  I'or  the  first  time  the  bony  fishes  (Teleostei)  be¬ 
came  abundant  and  such  genera  as  salmon,  herring,  bass,  and  cod 

appeared.  ^ 

Th(^  rocks  of  the  period  contain  relatively  few  fossils  of  amphibians 
and  the  group  was  probably  not  a  conspicuous  one  during  the  latter 


part  of  the  era. 

Most  of  tin-  reptiles  of  the  Early  Mesozoic  continued  into  the  Late 
Mesozoic.  Some  forms  such  as  the  snakes  appear  first  as  fossils  m  the 

rocks  of  the  Late  Mesozoic.  ,  •  r  -i 

Some  thirty  or  more  species  of  toothed  birds  are  known  by  their  fossils 
from  the  Late  Mesozoic.  One  of  these  was  a  small  shore  bird  with  power¬ 
ful  wings.  The  otiu-rs  were  large  diving  birds,  like  the  modern  penguins 

and  probably  like  them  incapable  of  night.  _ 

■I'he  mammalian  fossils  found  in  the  rocks  of  the  Late  Mesozoic  indi 
cate  that  as  in  the  early  part  of  the  era  these  animals  were  small,  pnmi^ 


live,  and  rare. 
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I'hc  close  of  the  Mesozoic  era  has  been  called  The  Time  of  the  Great 
Dying,  for  many  groups  of  animals  which  flourished  during  most  or  a 
part  of  the  era  are  either  not  represented  among  the  fossils  of  the  next 
era  or,  if  so,  only  rarely.  Not  one  of  the  many  diflferent  types  of  dinosaurs 
is  known  to  have  liv^ed  into  the  next  era.  The  pterosaurs  attained  their 
wonderful  and  highly  specialized  adaptation  to  flight  only,  as  it  appears, 
to  soon  disappear  from  the  record.  The  marine  reptiles  such  as  the 
ichthyosaurs  and  plesiosaurs  also  became  extinct  at  the  end  of  the  era. 
Of  all  the  vast  reptilian  horde  which  roamed  and  dominated  the  surface 
of  the  earth  for  a  hundred  million  years  or  more  there  survived  into  the 
Cenozoic  but  a  few  lizards,  snakes,  crocodiles,  and  turtles,  fewer  probably 
than  we  have  with  us  today.  Death  and  extinction  was  not,  however, 
confined  to  reptiles;  among  invertebrates  certain  groups  of  mollusks  also 
disappeared  from  the  record.  Precisely  what  was  the  cause  of  the  decline 
and  extinction  of  the5C  dominant  and  diverse  groups,  whether  it  was 
the  change  to  a  cooler  and  more  rigorous  climate,  the  advent  of  a  new 
type  of  vegetation,  the  vanishing  of  the  swampy  lowlands,  or  some 
peculiarity  in  their  organization,  or  all  of  these  and  more  combined  is 
largely  a  matter  of  speculation. 

D.  THE  CENOZOIC  ERA 

'Phe  Cenozoic  is  the  era  in  which  we  live.  During  the  time  which  it 
includes  the  surface  of  the  land  acquired  most  of  its  present  features  and 
the  continents  their  present  contour.  The  Cenozoic  is  divided  into  two 
periods,  the  earlier  of  which  is  called  the  Tertiary,  the  later,  the  Qua¬ 
ternary.  These  are  old  terms  which  have  come  down  from  the  early  days 
of  the  science  of  geology  when  the  rocks  were  divided  into  Primary'  (which 
included  those  of  the  Archeozoic,  Proterozoic,  and  Paleozoic  eras). 
Secondary  (which  included  those  of  the  Mesozoic),  Tertiary,  and 
Quaternary.  The  last  two  di\asions  have  been  retained  but  they  are 
recognized  as  periods  and  grouped  together  in  the  Cenozoic.  In  the 
Tertiary,  mammals  succeeded  reptiles  as  the  dominant  animals  and  for 
this  reason  the  period  has  been  called  the  Age  of  Mammals.  For  a  similar 
reason  the  Quaternary  has  been  called  the  Age  of  Man. 

(1)  THE  TERTIARY  PERIOD 

As  we  approach  the  present  in  our  study  of  the  history  of  life  on  the 
earth,  the  fossil  record  becomes  more  extensive  and  detailed  and  it  is 
convenient  to  divide  the  periods  into  shorter  intervals  of  time,  which 
are  called  epochs.  The  Tertiary  period  is  divided  into  four  epochs  which 
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are  named,  beginning  at  the  most  ancient,  the  Eocene,  Oligocene, 
Miocene,  and  Pliocene. 

We  have  already  seen  that  the  angiosperms  attained  a  dominant  posi¬ 
tion  among  plants  toward  the  end  of  the  Mesozoic.  This  position  they 
have  maintained  with  certain  changes  to  the  present  time.  During  the 
I’ertiary  forests  of  such  trees  as  the  maple,  fig,  and  cypress  occurred  as 
far  north  as  Greenland  and  Spitzbergen,  indicating  that  the  climate  of 
North  America  and  Europe  was  in  general  milder  than  it  is  today.  Al¬ 
though  grasses  are  very  seldom  found  fossil  there  is,  in  the  grinding 
teeth  of  many  of  the  mammals  of  the  time,  good  evidence  of  vast,  grass- 
covered  prairies  as  early  as  the  middle  of  the  Tertiary.  The  deciduous 
trees,  herbs,  and  grasses  provided  a  new  environment  for  all  kinds  of 
land  life. 

Fossil  insects  have  been  found  in  much  greater  adundance  in  the  rocks 
of  the  Tertiary  than  at  any  previous  time.  In  a  single  stratum  of  Miocene 
rocks  near  a  small  town  in  Switzerland  over  nine  hundred  different 
species  have  been  found.  Some  two  thousand  different  species  of  insects 
have  been  found  beautifully  preserved  in  amber  in  rocks  of  Oligocene 
time  on  the  shore  of  the  Baltic. 

The  modern  bony  fishes  predominated  during  the  Tertiary  but  sharks 
of  great  size,  up  to  60  or  80  feet  in  length  were  abundant  as  shown  by 
their  fossil  teeth  in  rocks  of  the  period  on  the  east  coast  of  the  United 


States. 

Many  of  the  modern  types  of  birds  appear  as  fossils  of  this  period,  but 
a  curious  feature  is  the  wide  occurrence  of  gigantic  flightless  forms 
resembling  the  existing  ostriches. 

Interest  centers  in  the  remarkable  adaptive  radiation  of  mammals 
which  has  given  to  the  period  the  designation  Age  of  Mammals.  As  pre¬ 
viously  noted  the  earliest  fossil  mammals  occur  in  rocks  of  the  Early 
Mesozoic  (Triassic)  and  represent  small  and  unspecialized  forms.  While 
the  dinosaurs  were  dominant  the  mammals  seem  to  have  made  little 
progress,  for  the  fossils  of  the  end  of  the  Mesozoic  represent  mammals 
of  the  same  primitive  type  as  those  of  the  early  part  of  the  era. 

'Vhe  b(‘ginning  of  the  Cenozoic  (Eocene)  saw  the  rise  of  the  archaic 
mammals,  and  th(‘  first  mammalian  adaptive  radiation.  These  ani¬ 
mals  came  to  ()eeu[)y  the  various  habitats  and  modes  of  getting  a  living 
left  vae;mt  by  th(‘  (‘Xtinction  of  the  dinosaurs.  Some  of  the  archaic  mam- 
m;ils  r(‘aeh(‘(l  a  large  size  and  attained  a  considerable  degree  of  special¬ 
ization,  y(‘t  the  group  as  a  whole  retained  three  important  primitive 
rharaeters:  Their  l(‘elh  were  simple  and  relatively  undifferentiated,  and 
was  usually  the  primitive  number  of  forty-four,  eleven  on  each 
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side  of  each  jaw,  indicating  that  they  had  not  become  adapted  to  a 
particular  diet ;  they  walked  on  the  soles  of  their  fore  and  hind  feet,  both 
of  which  had  five  digits,  the  primitive  number,  indicating  that  they  had 
not  become  adapted  to  a  particular  habitat;  their  skulls  contain  a  rela¬ 
tively  small  cranial  cavity,  with  an  especially  small  portion  for  the  cere¬ 
bral  hemispheres,  indicating  that  the  brain  was  small  and  the  “intelli¬ 
gence”  of  a  low  order.  Nevertheless,  these  archaic  forms  must  be  regarded 
as  the  first  great  attempt  of  mammals  to  dominate  the  world.  Although 


Fig.  40:12  The  skeleton  of  a  mastodon,  a  proboscidian  from  the  Pleistocene  (Quater¬ 
nary  period),  found  at  Cohoes,  N.  Y.  Photograph  of  the  specimen  in  the  New  York  State 
Museum  at  Albany. 


several  orders  of  archaic  mammals  are  distinguished  with  forms  imitat¬ 
ing  existing  bears,  cats,  and  rodents,  none  of  the  orders  with  the  possible 
exception  of  the  insectivores  seems  to  have  persisted  to  the  present  day. 
One  order  (Creodonta)  is  believed  to  have  given  rise  to  the  modern 
carnivores. 

At  this  period  we  find  existing  side  by  side  with  the  archaic  mammals, 
which  still  held  the  center  of  the  stage,  a  number  of  primitive  forms 
which  are  recognized  as  ancestral  to  the  modern  orders.  These  were  all 
small  animals,  none  of  which  would  have  reached  to  a  man’s  waist. 
They  include  little  four-  and  three-toed  horses,  tiny  camel-like  animals, 
squirrel-like  rodents,  and  small  monkeys. 

By  the  Oligocene  many  of  the  modern  orders  of  mammals  had  be¬ 
come  established  and  most  of  the  archaic  forms  had  become  extinct. 

In  the  Miocene,  mammals  reached  the  height  of  their  development. 
Horses,  camels,  rhinoceroses,  and  giant  pigs  were  abundant,  various 
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kinds  of  rodents  and  carnivores  were  present.  An  ape  allied  to  the  gorilla 
occurred  in  Europe  and  Asia. 

During  the  Pliocene,  mastodons,  great  elephant-like  creatures,  mi¬ 
grated  from  Europe  to  North  America  across  a  land  bridge  which  then 
connected  Alaska  and  northern  Asia  (Fig.  40  d  2).  Rhinoceroses  were 
particularly  abundant  in  Nebraska. 

(2)  THE  QUATERNARY  PERIOD 

The  Quaternary  is  known  as  the  Age  of  Man  for  in  this  period  man 
appears  upon  the  scene  and  becomes  the  dominant  form  of  life. 

The  Pleistocene  epoch  includes  the  greater  part  of  the  Quaternary 
period.  During  this  epoch  the  Northern  Hemisphere  underwent  a  series 
of  glacial  stages  or  ice  ages  separated  by  warmer  interglacial  stages. 
Four  of  these  glacial  stages  separated  by  three  interglacial  stages  are 
recognized.  The  epoch  in  which  we  now  live,  called  the  Recent  Epoch, 
follows  the  last  of  four  glacial  stages  and,  for  all  we  know,  may  be  merely 
a  fourth  interglacial  stage.  By  some  authorities  this  short  interval  of  time, 
which  can  scarcely  be  more  than  twenty-five  thousand  years,  is  elevated 
into  a  geological  era,  the  Psychozoic  era,  presumably  because  of  the  vast 
changes  which  the  dominance  of  man  has  brought  about  on  the  surface 
of  the  earth ;  changes,  however,  which  a  fifth  glacial  stage  would  do  much 
to  obliterate. 

At  the  time  of  its  greatest  extent  the  great  ice  cap  which  covered 
North  America  extended  over  all  of  Canada,  the  Great  Lakes,  New 
England,  New  York  State,  and  through  Ohio,  Michigan,  Indiana, 
Illinois,  Wisconsin,  and  Minnesota  to  the  banks  of  the  Ohio  and  Missouri 
rivers.  This  great  sheet  of  ice  was,  in  all  probability,  similar  to  that  which 
covers  Greenland  today.  The  interglacial  stages  occurred  when  the  ice 
cap  retreated  toward  the  north  and  left  a  fertile  land  with  a  climate  at 
times  milder  than  that  of  the  present. 

During  the  Pleistocene  the  mammalian  fauna  of  North  America  was 
as  varied  in  size  and  type  as  that  of  Africa  now  is.  Great  herds  of  woolly 
mammoths  ranged  over  the  ice,  crossing  back  and  forth  from  Alaska  to 
Siberia.  Some,  as  already  stated,  became  frozen  into  the  great  ice  sheet 
to  b(‘  thaw('d  out  some  twenty-five  thousand  years  later.  These  animals 
were  so  nuiiuTous  that  their  tusks,  still  found  imbedded  in  the  frozen 
soil,  i)rovide  half  the  world’s  ivory.  Further  south  a  number  of  different 
species  of  bu^ralo(^s  roamed  the  plains  and  at  least  ten  species  of  horses 
grazed  upon  the  grasslands.  On  these  herbivores,  a  multitude  of  carni- 
vor(‘s  prey(‘(l,  w()lv(‘S,  foxes,  bears,  the  giant  saber-toothed  tiger,  with  a 
tusk  6  or  8  iuelu's  in  length,  and  many  other  types.  From  South  America 
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came  the  giant  armadillos  and  ground  sloths,  curious  backward  forms 
which  developed  in  that  continent  when  it  was  isolated  by  the  submer¬ 
gence  of  the  Isthmus  of  Panama.  During  the  glacial  epochs  the  mammals 
of  North  America  moved  southward  as  the  climate  grew  colder.  Thus 
the  walrus,  which  we  regard  as  an  arctic  form,  migrated  in  the  Pleisto¬ 
cene  as  far  south  as  the  coast  of  Georgia.  During  the  interglacial  periods, 
tropical  animals  migrated  northward.  The  manatee,  for  example,  which 
now  occurs  on  the  Florida  coast,  migrated  during  the  Pleistocene  as  far 
north  as  the  coast  of  New  Jersey. 

There  are  no  certain  records  of  the  presence  of  man  or  any  other 
primates  in  North  or  South  America  during  the  Pleistocene.  For  the 
earliest  traces  of  man,  as  for  so  much  of  his  subsequent  history,  we  must 
turn  to  the  Old  World.  A  later  chapter  (Chapter  44)  is  devoted  to  the 
fossil  record  of  man  and  the  primates. 

5.  SUMMARY  OF  THE  CHIEF  BIOLOGICAL  FEATURES  OF  THE 
GEOLOGICAL  RECORD 

Life  has  existed  on  the  earth  for  an  incredibly  long  time,  probably  at 
least  1,500,000,000  years.  It  is  possible  to  divide  this  time  into  five  eras. 
During  the  first  two  eras,  the  Archeozoic  and  the  Proterozoic,  which 
represent  two-thirds  of  the  total  time,  the  record  shows  the  existence  of 
only  such  primitive  forms  as  the  Protozoa  (Radiolaria)  and  the  Porifera 
(sponges).  In  the  Early  Paleozoic  there  burst  upon  the  scene  (the  burst¬ 
ing  took  a  hundred  million  years  or  so)  the  great  adaptive  radiation  of 
the  trilobites.  In  the  Middle  Paleozoic  appear  the  first  land  plants  and 
the  first  true  fishes,  the  latter  showing  in  the  Devonian  a  great  adaptive 
radiation  of  Elasmobranchii  and  Dipnoi.  In  the  Late  Paleozoic  amphib¬ 
ians  became  abundant  and  the  first  reptiles  appeared.  In  the  Mesozoic 
occurred  the  great  adaptive  radiation  of  reptiles  when  dinosaurs,  ptero¬ 
saurs,  and  enaliosaurs  were  abundant.  In  this  era  the  first  birds  and  the 
first  mammals  appeared  and  insects  became  common.  The  Cenozoic 
saw  the  first  adaptive  radiation  of  the  primitive  mammals  and  later  the 
adaptive  radiation  of  modern  mammals.  Toward  the  end  of  this  era  man 
appeared. 

From  the  point  of  view  of  evolution  this  record  shows  certain  very 
interesting  features.  Of  great  significance  is  the  order  in  which  the 
different  groups  are  found  in  the  geological  record.  First  appear  the 
Protozoa  and  Porifera,  next  the  other  groups  of  invertebrates,  then,  and 
only  then,  the  vertebrates.  The  order  in  which  the  vertebrates  appear  is 
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especially  significant  since  the  record  is  so  complete  —  fishes,  amphib¬ 
ians,  reptiles  and,  almost  simultaneously,  birds  and  mammals. 

Of  almost  equal  interest  is  adaptive  radiation.  The  fossil  history  of 
most  groups  of  animals  and  plants  begins  with  a  few,  often  small,  primi¬ 
tive  forms,  then  adaptive  radiation  occurs,  they  begin  to  invade  new 
areas,  and  to  become  differentiated  into  new  species  and  genera  adapted 
and  specialized  to  meet  the  new  conditions.  Eventually  the  earth  becomes 
overrun  with  a  multitude  of  new  forms,  all  conforming  more  or  less  to 
the  main  structural  plan  of  the  original  primitive  type.  Striking  examples 
of  adaptive  radiation  are  to  be  found  in  the  case  of  the  trilobites,  Devo¬ 
nian  fishes,  Mesozoic  reptiles,  and  archaic  and  modern  mammals,  but 
the  story  is  the  same  wherever  there  is  an  extensive  record  of  the  group. 
It  may  be  added  in  passing  that  there  is  usually  only  one  adaptive  radia¬ 
tion  of  any  group  and  that  after  this  has  reached  its  climax  the  group 
tends  to  decline  in  numbers  of  species.  It  would  be  interesting  to  know 
what  the  next  great  adaptive  radiation  is  going  to  be. 

These  two  features,  adaptive  radiation  and  the  order  in  which  the 
groups  appear,  are  satisfactorily  explained  by  the  theory  of  organic  evo¬ 
lution,  the  more  specialized  and  structurally  complex  forms  being  de¬ 
scended  from  simpler,  less  complex  forms. 

The  progress  of  life  upon  the  earth  —  the  march  of  evolution  —  has 
not  been  steady  and  even,  no  more  than  have  the  geological  changes 
with  which  it  has  been  associated  progressed  always  at  the  same  rate. 
During  certain  periods,  particularly  those  in  which  great  adaptive  radia¬ 
tions  occurred,  the  progress  of  evolution  has  been  fast  and  the  realm  of 
life  has  rapidly  expanded.  During  other  periods  when  conditions  seem 
to  have  been  less  favorable  to  living  things  progress  was  slow.  The  alter¬ 
nation  of  periods  of  more  rapid  with  periods  of  less  rapid  evolution  of 
life  upon  the  earth  has  been  called  the  pulse  of  life. 
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Questions 

1 .  What  is  a  fossil? 

2.  Classify  fossils  according  to  their  method  of  preservation. 

3.  What  conditions  favor  the  formation  of  a  fossil?  What  conditions  tend  to 
preclude  its  formation? 

4.  How  are  sedimentary  rocks  formed?  What  is  an  unconformity?  How  may 
this  condition  arise? 

5.  State  the  law  of  superposition. 

6.  Explain  why  fossils  may  be  used  to  identify  strata. 

7.  Construct  a  geological  timetable. 

8.  Explain  the  uranium-lead  ratio  method  of  determining  the  age  of  a  rock. 

9.  What  fossils,  if  any,  have  been  discovered  in  the  Archeozoic  and  Proterozoic 
eras? 

10.  What  two  groups  of  animals  were  most  abundant  in  the  Early  Paleozoic? 

11.  What  evidence  is  there  of  migration  to  the  land  in  the  Middle  Paleozoic? 

12.  Give  an  account  of  the  land  plants  of  the  Late  Paleozoic. 

13.  WTat  insects  occurred  in  the  Paleozoic  and  in  which  part  of  the  era?  Where 
do  reptiles  first  appear  in  the  record? 

14.  Give  a  short  account  of  the  plants  of  the  Mesozoic. 

15.  Discuss  adaptive  radiation  as  applied  to  Mesozoic  reptiles. 

16.  When  do  spermatophytes  first  appear?  WTen  do  angiosperms  first  appear? 

17.  When  was  the  “Great  Dying”? 

18.  Name  in  order  the  epochs  of  the  Tertiary. 

19.  When  did  the  first  mammalian  adaptive  radiation  occur?  What  were  some 
of  the  forms  which  occurred  in  this  radiation? 
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20.  When  did  mammals  reach  the  height  of  their  development? 

21.  Give  a  short  account  of  the  Pleistocene  fauna  of  North  America. 
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CHAPTER  41 

The  History  of  the  Theory  of  Evolution 


1.  THE  MEANING  OF  THE  TERM  "EVOLUTION” 

“Evolution”  is  a  much-abused  word  —  abused  by  many  popular  mis¬ 
conceptions  and  popular  prejudices.  It  is  therefore  important  to  under¬ 
stand  the  scientific  meaning  of  the  term.  Etymologically  the  word  means 
an  “unrolling”  or  “unfolding.”  This  original  meaning  has  been  extended 
and  generalized.  In  its  most  general  connotation  the  word  “evolution” 
is  applied  to  the  whole  universe  and  when  so  used  implies  that  gradual 
and  orderly  change  from  the  simple  to  the  complex  is  the  law  of  nature, 
that  this  principle  has  governed  the  form  and  movements  of  the  stars, 
the  changing  surface  of  the  earth,  and  the  long  pageant  of  living  creatures 
that  have  lived  and  died  on  it.  According  to  this  conception  there  has 
been  an  evolution  of  the  inorganic  world  —  an  evolution  of  the  stars 
and  other  heavenly  bodies,  of  the  surface  of  the  earth,  including  the 
oceans  and  the  atmosphere.  There  may  even  have  been  an  evolution  of 
the  chemical  elements  from  electrons,  protons,  and  neutrons.  This  aspect 
of  the  evolutionary  principle  may  be  called  inorganic  evolution.  The 
same  idea  is  carried  into  the  realm  of  living  things,  i.e.,  the  great  com¬ 
plexity  and  variety  of  the  organic  world  is  explained  as  due  to  the  gradual 
modification  of  simpler  organisms  into  more  complex  and  highly  differ¬ 
entiated  forms.  This  is  the  principle  of  organic  evolution. 

It  is  concerning  the  principle  of  organic  evolution  that  there  has  been 
most  controversy  and  it  is  the  application  of  the  principle  of  evolution  to 
plants  and  animals  including  man  which  has  had  most  effect  upon 
modern  thought.  The  principle  of  organic  evolution  is  concerned  with 
the  problem  of  how  the  great  multitude  of  different  kinds  of  living 
organisms  came  into  being,  i.e.,  with  the  origin  of  species. 

Two  main  types  of  theories  have  been  advanced  to  account  for  the 
origin  of  species;  either  each  species  was  created  individually  by  some 
838 
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unseen  and  presumably  supernatural  power  (special  creation)  or,  life 
once  having  appeared  upon  the  earth,  the  various  species  have  risen  one 
from  another  by  a  gradual  process  of  modification  extending  through 
untold  generations  (organic  evolution).  Whether  or  not  one  is  prepared 
to  admit  only  these  two  alternatives,  and  whether  or  not  he  believes 
them  to  be  mutually  exclusive,  the  statement  of  the  problem  in  this  form 
helps  to  clarify  much  of  the  argument  in  the  case. 

2.  GREEK  AND  ROAAAN  THEORIES  OF  EVOLUTION 

It  is  a  popular  misconception  that  the  idea  of  organic  evolution  is  a 
recent  and  radical  theory  which  seeks  to  supplant  a  traditional  belief. 
In  reality  the  idea  of  evolution  in  various  crude  and  indefinite  forms  is 
as  old  as  that  of  special  creation.  The  early  history  of  the  idea  of  evolution 
is  well  told  in  From  the  Greeks  to  Darwin  by  H.  F.  Osborn.  The  philosopher, 
Thales  (640-546  b.g.),  ‘‘declared  water  to  be  the  matter  from  which  all 
things  arose,  and  out  ot  which  they  exist.  This  idea  of  the  aquatic  or 
marine  origin  of  life,  which  is  now  a  very  widely  accepted  theory,  is 
therefore  an  extremely  ancient  one.”  Anaximenes  (588-524  b.c.)  “intro¬ 
duced  the  idea  of  primordial  terrestrial  slime,  a  mixture  of  earth  and 
water,  from  which,  under  the  influence  of  the  sun’s  heat,  plants  and 
animals  and  human  beings  were  directly  produced.”  Aristotle  was  not 
anly  one  of  the  great  philosophers  but  he  was  also  one  of  the  founders  of 
the  biological  sciences.  “Aristotle’s  theories  as  to  the  origin  and  succes¬ 
sion  of  life”  carried  him  far  beyond  the  facts,  into  discussions  of  a  purely 
metaphysical  nature.  Nevertheless  he  emphasized  the  idea  of  a  gradual 
:hange  from  the  simple  and,  as  he  expressed  it,  “imperfect,”  to  the  more 
:omplex  and  “perfect,”  and  he  is  to  be  regarded  as  one  of  the  founders 
3f  the  principle  of  evolution.  Epicurus  (341-270  b.c.)  contributed  to 
the  idea  of  evolution  by  his  insistence  on  natural,  as  opposed  to  super¬ 
natural,  causes.  The  Latin  poet  Lucretius  (99-55  b.c.)  in  his  great  evo¬ 
lutionary  poem  De  Rerum  Natura  draws  a  picture  of  how  he  imagined 
plants  and  animals  to  have  arisen  from  Mother  Earth. 

And  first  the  race  she  reared  of  verdant  herbs, 

Glistening  o’er  every  hill;  .  .  . 

.  .  .  and  the  trees 

Felt  the  deep  impulse,  and  with  outstretched  arm 
Broke  from  their  bonds  rejoicing;  .  .  . 

.  .  .  Then,  in  order  next 

Raised  she  the  sentient  tribes,  in  various  modes, 

By  various  powers  distinguished;  for  nor  heaven 
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Down  dropped  them,  nor  from  the  ocean’s  briny  waves 
Sprang  they,  terrestrial  soled 

Lucretius  advanced  the  mechanistic  as  opposed  to  the  vitalistic  concep¬ 
tion  of  nature. 

During  the  centuries  which  followed  the  classical  period,  learning  was 
largely  in  the  hands  of  the  church.  The  great  Christian  Father,  Saint 
Augustine  (a.d.  353-430)  interpreted  the  first  chapter  of  Genesis  as 
stating  that  in  the  beginning  matter  was  created  with  the  properties  and 
potentialities  to  evolve  into  the  animate  and  inanimate  worlds  as  we  see 
them  today.  We  would  express  it  today  by  saying  that  the  Creator  acted 
as  the  first  cause  giving  to  matter  the  power  to  evolve.  One  authority 
has  stated  that  “Augustine  distinctly  rejected  Special  Creation  in  favor 
of  a  doctrine  which,  without  any  violence  to  language,  we  may  call  a 
theory  of  Evolution.”  ^ 

3.  EVOLUTION  IN  THE  SEVENTEENTH  CENTURY 

With  the  seventeenth  century,  the  century  of  Francis  Bacon,  William 
Harvey,  Marcello  Malpighi,  Jan  Swammerdam,  and  Antony  von  Leeu¬ 
wenhoek,  began  a  new  epoch  in  the  history  of  biology  and  a  new  era  in 
the  development  of  evolutionary  theory.  Francis  Bacon  (1561-1626)  in 
the  Novum  Organum,  a  treatise  on  scientific  procedure,  outlined  the  possi¬ 
bilities  of  the  inductive  method.  William  Harvey  demonstrated  the 
power  of  the  experimental  method  to  solve  physiological  problems  by 
applying  it  to  the  circulation  of  the  blood.  Malpighi,  Swammerdam, 
and  Leeuwenhoek  showed  what  might  be  achieved  by  accurate  observa¬ 
tion  and  minute  analysis  in  the  discovery  of  the  corpuscles  of  the  kidney, 
blood  capillaries,  the  spermatozoon,  and  bacteria. 

4.  EVOLUTION  IN  THE  EIGHTEENTH  CENTURY 

These  men  were  followed  in  the  eighteenth  century  by  the  great 
naturalists  Buffon  and  Linnaeus.  George  Louis  Leclerc  Buffon  (1707- 
1788)  was  a  prolific  and  suggestive  writer  on  natural  history  whose  books 
were  widely  read.  He  is  to  be  regarded  as  an  evolutionist  for  he  believed 
in  the  mutability  or  changeableness  of  species,  although  he  did  not 
attempt  to  give  any  formal  proof  of  the  theory.  Linnaeus  has  already  been 
referred  to  as  the  founder  of  the  binomial  method  of  nomenclature.  In 

1  Quoted  from  H.  F.  Osborn,  From  the  Greeks  to  Darwin,  The  Macmillan  Company,  New 
York,  1913.  . 

Moore,  Aubrey,  Scifnae  and  Faiths  London,  1892, 
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contrast  to  Buffon,  Linnaeus  had  a  very  exact  and  systematic  mind.  He 
believed  in  the  fixity  of  species  and  in  special  creation. 

5.  ,  EVOLUTION  AT  THE  BEGINNING  OF  THE  NINETEENTH 

CENTURY 

Again  at  the  end  of  the  eighteenth  and  the  beginning  of  the  nineteenth 
century  two  contrasting  personalities  with  widely  diflferent  points  of 
view  stand  out,  Lamarck  and  Cuvier.  Jeanne  Baptiste  Pierre  Antoine 
de  Monet,  better  known  as  the  Chevalier  de  Lamarck  (1744-1829), 
was  a  gifted  zoologist  and  facile  writer  who  devoted  most  of  his  life  to 
the  study  of  invertebrates.  It  is,  however,  for  his  contribution  to  the 
theory  of  evolution  that  he  is  best  known.  H.  F.  Osborn  considers  that 
Lamarck,  as  the  founder  of  a  complete  modern  theory  of  descent,  is  the 
m.ost  prominent  figure  between  Aristotle  and  Darwin.  As  Lamarck’s 
contribution  to  the  theory  of  evolution  concerns  particularly  the  mechan¬ 
ism  of  evolution,  his  work  will  be  discussed  in  a  subsequent  chapter. 
Cuvier  was  a  great  zoologist  and  one  of  the  founders  of  morphology.  He 
was  an  opponent  of  Lamarck  and  of  the  evolution  theory,  believing  in 
the  fixity  of  species. 

In  the  early  part  of  the  nineteenth  century  the  idea  and  the  implica¬ 
tions  of  the  evolution  theory  seem  to  have  taken  more  definite  form. 
Two  questions  were  prominent  in  the  discussions  of  the  time:  catastro- 
phism  versus  uniformitarianism,  and  fixity  versus  mutability  of  species, 
and  it  became  apparent  that  on  the  answers  to  these  two  questions  rested 
the  truth  or  falsehood  of  the  evolution  theory.  According  to  the  ‘‘catastro- 
phists”  there  occurred  during  the  history  of  the  earth  a  number  of 
cataclysms  or  violent  catastrophes  during  which  all  living  things  were 
destroyed.  In  the  intervals  between  the  cataclysms  the  earth  was 
restocked  by  special  creation  with  new  forms  of  life  which  were  in  turn 
destroyed  and  buried  at  the  next  cataclysm.  Uniformitarianism  at  first 
seems  to  have  implied  that  the  earth,  and  the  life  upon  it,  had  no 
beginning  and  would  have  no  end,  but  latterly  it  came  to  be  practically 
equivalent  to  evolution  as  applied  to  geology.  There  is  no  doubt  that  in 
the  early  part  of  the  nineteenth  century  the  catastrophists  had  it  all 
their  own  way. 

6.  LYELL,  DARWIN,  AND  WALLACE 

'Fhe  man  who  more  than  any  other  was  responsible  for  the  overthrow 
ofralastrophism  was  Charles  Lycll  (1797-1875).  In  Principles  of  Geology 
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(1830-1832),  one  of  the  great  classics  of  science,  he  laid  the  foundation 
for  the  modern  science  of  earth  structure.  Lyell  overcame  opposition  by 
the  clarity  of  his  reasoning  and  the  charm  of  his  litcrar>^  style.  7  hrough 
the  influence  which  his  work  and  his  personality  had  on  Charles  Darwin, 
Lyell  must  be  regarded  as  an  important  contributor  to  the  theory  of 
organic  evolution. 

The  name  of  Charles  Darwin  (1809-1882)  so  much  overshadows 
those  of  all  the  other  contributors  to  evolutionary  thought  that  even  to 
the  present  day  evolution  is  often  referred  to  as  the  Darwinian  theory. 
Darwin  was  born  at  Shrewsbury  in  England  and  at  an  early  age  showed 
an  interest  in  observ^ing  and  collecting  natural  objects.  He  was  sent,  at 
the  age  of  sixteen,  to  Edinburgh  University  to  study  medicine.  After 
two  years  there,  in  which  he  showed  more  interest  in  biology'  and  natural 
history  than  in  the  healing  art,  he  went  to  Cambridge  University  with 
the  object  of  becoming  a  minister  of  the  gospel.  Here  again  his  chief 
interest  was  in  geology,  botany,  and  zoology.  Darwin’s  real  scientific 
education  began  when,  in  1831,  soon  after  his  graduation  from  Cam¬ 
bridge,  he  went  on  an  exploring  trip  round  the  world  on  “His  Majesty’s 
ship  Beagle,”  a  “ten-gun  brig.”  The  voyage  on  the  little  sailing  ship 
lasted  five  years  and  Darwin  worked  incessandy,  reading  when  at  sea 
and  when  on  land  making  excursions  into  the  interior  to  collect  and  make 
notes,  both  geological  and  biological. 

When  Darwin  returned  to  England  he  made  the  acquaintance  of 
Lyell  and  the  next  ten  years  were  devoted  to  working  up  the  notes  and 
collections  made  on  the  voyage.  During  his  explorations  on  the  voyage 
around  the  world  Darwin  thought  much  on  the  origin  of  species  and 
continued  to  do  so  after  his  return  as  he  reread  his  notes  with  his  collec¬ 
tions  before  him.  As  he  expressed  it,  “I  then  saw  how  many  facts  indi¬ 
cated  the  common  descent  of  species,”  and  again,  “It  occurred  to  me 
in  1837,  that  something  might  perhaps  be  made  out  on  this  question  by 
patiently  accumulating  and  reflecting  on  all  sorts  of  facts  which  could 
possibly  have  any  bearing  on  it.”  In  July  of  the  same  year  “he  opened 
his  first  notebook  on  the  subject.”  Some  months  after  this  Darwin  read 
the  Essay  on  the  Principle  of  Population^  by  Thomas  Malthus,  a  work  which 
aimed  to  show  that  the  population  of  any  area  is  limited  by  the  supply  of 
food  and  other  necessities  of  existence.  The  idea  of  a  struggle  for  existence 
developed  in  his  mind  and  he  continued  methodically  and  patiently  to 
collect  facts.  Twenty-two  years  later,  in  1859,  The  Origin  of  Species  by 
Means  of  Natural  Selection  or  the  Preservation  of  Favoured  Races  in  the  Struggle 
for  Life  appeared.  The  main  thesis  of  this  work  can  scarcely  be  better 
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expressed  than  in  the  words  of  Thomas  Henry  Huxley,  its  greatest 
exponent. 

“All  species  have  been  produced  by  the  development  of  varieties  from 
common  stocks:  by  the  conversion  of  these,  first  into  permanent  races 
and  then  into  new  species,  by  the  process  of  natural  selection,  which 
process  is  essentially  identical  with  that  artificial  selection  by  which  man 
has  originated  the  races  of  domestic  animals  ■ —  the  struggle  for  existence 
taking  the  place  of  man,  and  exerting,  in  the  case  of  natural  selection, 
that  selective  action  which  he  performs  in  artificial  selection.” 

The  idea  of  natural  selection  developed  by  Darwin  in  his  theory  of  the 
origin  of  species  was  not  entirely  new.  It  is  to  be  found  in  the  works  of 
Lyell  and  certain  other  of  Darwin’s  predecessors.  While  Darwin  was 
patiently  collecting  his  facts  another  man,  Alfred  Russel  Wallace,  also 
imbued  with  Lyell’s  Principles  of  Geology^  was  meditating  on  the  problem 
of  the  origin  of  species,  while  collecting  in  the  East  Indies.  Darwin’s  title 
to  fame  rests  on  the  tremendous  accumulation  of  facts  which  he  brought 
to  bear  on  the  problem  and  the  judgment  and  clarity  with  which  he 
presented  the  argument. 

Darwin  was  not  connected  with  any  university,  research,  or  other 
institution.  He  lived  most  of  his  life  and  did  most  of  his  work  on  a  country 
estate  called  Down,  near  the  village  of  Bromley  in  the  South  of  England. 
As  the  fortunate  possessor  of  a  moderate  income  he  was  able  to  devote 
his  entire  time  and  effort  to  his  researches.  Although  handicapped 
throughout  the  greater  part  of  his  life  by  ill-health,  Darwin  lived  to  have 
“the  satisfaction  of  knowing  that  the  doctrine  of  evolution  had  come  to 

_  mainly  through  his  own  .great  efforts  —  the  accepted  creed  of  all 
naturalists  and  that  even  for  the  world  at  large  it  had  lost  its  imaginary 
terrors.’”  As  I’homas  H.  Huxley  wrote,  “None  have  fought  better,  and 
none  have  been  more  fortunate,  than  Charles  Darwin.  He  found  a  great 
truth  trodchm  underfoot,  reviled  by  bigots,  and  ridiculed  by  all  the 
world;  he  lived  long  enough  to  see  it,  chiefly  by  his  own  efforts,  irrep¬ 
arably  (‘stablish(‘d  in  science,  inseparably  incorporated  with  the  com¬ 
mon  thoughts  of  men,  and  only  hated  and  feared  by  those  who  would 
revile,  but  dare  not.  What  shall  a  man  desire  more  than  this?” 

7.  EVOLUTION  ESTABLISHED  AS  A  PRINCIPLE  OF  NATURE 

After  the  h<*ate(l,  largely  pivjudiced,  and  often  ill-informed  criticism 
which  greeted  the  |)ul )lication  of  the  work  of  Darwin  and  Wallace  had 

M.hM,  Jclwi  W.,  rhr  Comhui  of  Evolutiou,  Cambridge  University  Press,  London,  1912. 
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subsided,  and  after  the  confusion  of  thought  and  the  violent  argumenta¬ 
tion  had  given  way  to  patient  and  careful  investigation  the  “theory  of 
evolution”  began  to  emerge  as  a  fundamental  principle  of  biological 
science.  As  a  great  unifying  idea  it  stimulated  investigation  in  all  those 
branches  of  science  which  could  contribute  to  its  confirmation  and  elab¬ 
oration.  Considering  the  difficulty  of  the  problems  which  the  study  of 
evolution  presents,  and  considering  that  the  whole  realm  of  organic 
nature  is  included,  great  progress  has  been  made  since  Darwin’s  time 
and  especially  since  the  beginning  of  the  present  century. 
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Questions 

1.  Explain  the  meaning  of  the  term  “ev’olution,”  giving  as  an  example  what  you 
imagine  has  been  the  course  of  evolution  of  some  higher  animal. 

2.  Contrast  the  theory  of  evolution  with  the  theory  of  special  creation. 

3.  Discuss  Greek  and  Roman  theories  of  evolution. 

4.  What  were  the  ideas  of  Buffon  and  Linnaeus,  Lamarck  and  Cuvier,  on 
evolution? 

5.  What  were  the  relations  of  Lyell,  Darwin,  and  Wallace  to  the  development 
of  the  theory  of  natural  selection? 

6.  Write  a  brief  account  of  Darwin’s  life. 
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The  Evidences  for  Organic  Evolution 


In  considering  organic  evolution  we  must  clearly  distinguish  between 
the  evidences  of  its  having  occurred  and  its  possible  causes.  The  difference 
between  evidences  and  causes  may  be  illustrated  by  a  familiar  example. 
Evidences  that  A  had  been  at  a  particular  restaurant  would  be  a  state¬ 
ment  by  B  that  he  had  seen  him  in  the  restaurant,  or  the  finding  of  his 
gloves  there.  Causes  for  his  having  been  there  might  be  that  he  was 
hungry,  or  that  he  wanted  to  entertain  a  friend.  We  will  consider  in  this 
chapter  evidences  of  evolution.  In  many  cases  the  facts  which  provide 
these  evidences  have  been  already  discussed  and  their  value  as  evidence 
of  evolution  will  have  already  occurred  to  the  student.  It  will  be  valuable, 
however,  to  collect  them  together  into  a  systematic  argument. 

1.  CLASSIFICATION 

The  principles  of  classification  have  been  discussed  in  Chap.  2  and 
the  natural  system  of  classification  of  plants  and  animals  has  been  out¬ 
lined  in  that  chapter  and  in  more  detail  in  the  appendix.  We  are  con¬ 
cerned  here  with  (he  evidence  which  these  classifications  provide  for 
the  theory  of  evolution.  The  argument  has  never  been  better  presented 
than  by  Darwin  in  the  Origin  of  Species. 

From  the  most  remote  jx'riod  in  the  history  of  the  world  organic  beings  have 
been  found  to  resemble  each  other  in  descending  degrees,  so  that  they  can  be 
classed  iii  groups  under  grouj)s.  This  classification  is  not  arbitrary  like  the  group¬ 
ing  of  (he  stars  in  cons((‘lla(ions. 

Naturalists,  as  w(‘  have  seen,  try  to  arrange  the  species,  genera,  and  families 
in  (!ach  class,  on  what  is  called  the  Natural  System.  But  what  is  meant  by  this 
system?  Some  authors  look  at  it  merely  as  a  scheme  for  arranging  together  those 
living  objects  which  are  most  alik(‘,  and  for  seixarating  those  which  are  most 

unlike'  or  as  an  artificial  method  of  enunciating,  as  briefly  as  possible,  general 
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propositions  —  that  is,  by  one  sentence  to  give  the  characters  common,  for  in-|r 
stance,  to  all  mammals,  by  another  those  common  to  all  carnivora,  by  anotherjt 
those  common  to  the  dog-genus,  and  then,  by  adding  a  single  sentence,  a  fulljl' 
description  is  given  of  each  kind  of  dog.  The  ingenuity  and  utility  of  this  system|| 
are  indisputable.  But  many  naturalists  think  that  something  more  is  meant  byll 
the  Natural  System;  they  believe  that  it  reveals  the  plan  of  the  Creator;  but  un-j| 
less  it  be  specified  whether  order  in  time  or  space,  or  both,  or  what  else  is  meant  j| 
by  the  plan  of  the  Creator,  it  .seems  to  me  that  nothing  is  thus  added  to  ourll 
knowledge.  Expressions  such  as  that  famous  one  by  Linnaeus,  which  we  often 
meet  with  in  a  more  or  less  concealed  form,  namely,  that  the  characters  do  not 
make  the  genus,  but  that  the  genus  gives  the  characters,  seem  to  imply  that  .some 
deeper  bond  is  included  in  our  classifications  than  mere  resemblance.  I  believe 
that  this  is  the  case,  and  that  community  of  descent  —  the  one  known  cause  of 
close  similarity  in  organic  Ixiings  —  is  the  bond,  which  though  observed  by 
various  degrees  of  modification,  is  partially  revealed  to  us  by  our  classifications. 

This  becomes  clear  when  we  consider  the  principles  or  rules  adhered 
to  in  classification  and  what  types  of  characters  arc  considered  to  be  of 
most  importance.  In  distinguishing  large  groups  the  general  plan  of 
structure  and  life  cycle  of  the  whole  organism  is  regarded  of  most  im¬ 
portance;  thus  such  characters  as  an  cndoskeleton,  dorsal  nervous  sys¬ 
tem,  and  gill  clefts  in  the  cmbr\’0  are  chosen  to  distinguish  the  phylum 
Chordata  from  the  other  phyla  of  the  animal  kingdom,  and  in  the  plant 
kingdom  the  division  Spermatophyta  is  distinguished  from  the  other 
divisions  by  the  occurrence  of  the  seed  in  the  life  cycle  and  the  structure 
of  the  sporophyte,  vascular  bundles,  and  floral  structure.  When  we  come 
to  smaller  groups  and  wish  to  describe  genera  and  species  the  characters 
chosen  are  more  superficial  and  show  more  variation  with  the  mode  of 
life  of  the  organism.  Thus  in  distinguishing  the  different  species  of  war-  | 
biers,  the  color  and  markings  of  the  feathers,  and  to  a  less  extent  the  size,  i 
are  almost  the  only  structural  features  used,  and  in  distinguishing  the 
different  kinds  of  oaks  the  shapes  of  the  leaves  and  acorns  and  the  appear¬ 
ance  of  the  bark  are  of  importance.  There  are  also  characters  which  vary 
from  individual  to  individual.  This  would  be  expected  if  all  organisms 
have  been  descended  from  one  or  a  few  simple  forms.  Those  most  closely 
related  would  differ  only  by  minor  and  superficial  characters,  while 
those  more  distantly  related  would  show  more  fundamental  dif¬ 
ferences. 

The  argument  can  be  put  in  a  simpler  but  cruder  form.  If  the  different 
species  now  existing  on  the  earth  were  descended  from  a  few  simpler 
forms,  then  one  would  expect  to  be  able  to  classify  them  into  phyla, 
classes,  orders,  families,  genera,  and  species  just  as  is  now  done.  On 
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;he  other  hand  it  is  difficult  to  imagine  how  this  would  have  been 
Dossible  were  the  organisms  not  related  by  descent  but  each  specially 
:reated  according  to  individual  plans. 

Another  kind  of  evidence  arises  from  the  attempt  to  define  a  species. 
Taxonomists  are  by  no  means  agreed  upon  a  definition  of  the  term 
‘species.”  To  what  extent  must  individuals  differ  to  be  placed  in  different 
species?  What  extent  of  resemblance  justifies  their  being  placed  in  the 
same  species?  The  question  is  not  simplified  by  the  creation  of  subspecies 
and  varieties  within  the  species  or  subspecies.  From  a  very  extended 
study  of  the  oaks  of  the  world  the  French  botanist,  A.  de  Candolle,  con¬ 
cluded,  “They  are  mistaken,  who  repeat  that  the  greater  part  of  our 
species  are  clearly  limited,  and  that  the  doubtful  species  are  in  a  feeble 
minority.  This  seemed  to  be  true,  as  long  as  a  genus  was  imperfectly 
known,  and  its  species  were  founded  upon  a  few  specimens,  that  is  to  say, 
were  provisional.  Just  as  we  come  to  know  them  better,  intermediate 
forms  flow  in,  and  doubts  as  to  specific  limits  augment.”  He  also  adds 
that  it  is  the  best  known  species  which  present  the  greatest  number  of 
spontaneous  varieties  and  subvarieties.  Thus  Quercus  robur  has  twenty- 
eight  varieties,  all  of  which,  excepting  six,  are  clustered  round  three  sub¬ 
species,  namely  ().  pedunculata^  sessiliflora^  and  pubescens.  The  forms  which 
connect  these  three  subspecies  are  comparatively  rare;  and,  as  Asa  Gray 
again  remarks,  “if  these  connecting  forms  which  are  now  rare,  were  to 
become  wholly  extinct,  the  three  subspecies  would  hold  exactly  the  same 
relation  to  each  other,  as  do  the  four  or  five  provisionally  admitted 
species  which  closely  surround  the  typical  Qiiercus  robur. 

Several  studies  of  snails  have  been  made  in  recent  years  with  this 
problem  in  mind.  In  each  case  the  presence  of  intergrading  species, 
i.e.,  species  with  characters  intermediate  between  those  of  two  other 
species,  have  been  found.  These  facts  show  that  evolution  is  a  continuous 
proc(*ss  and  that  whenever  a  careful  study  is  made  of  a  small  group  of 
plants  or  animals  it  can  be  .seen  in  progress.  Subspecies  and  varieties 
arc  new  s|:)('cies  in  the  process  of  formation. 


2.  HOMOLOGY 


In  the  study  of  the  frog  and  man,  system  after  system  was  compared 
in  detail  and  the  close*  correspondence  in  general  plan  and  often  in  details 
af  structure  was  sevn  to  be  remarkable.  The  skeletons  were  not  only 
similar  in  their  minute  structure,  but  in  many  instances  there  was  a  bone 
for  bone*  ce)rre*si)onele*nce.  The  digestive  systems  showed  such  differences 
as  might  be*  expecte*d  from  the  different  modes  of  life  of  the  two  animals. 
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but  in  general  the  resemblances  were  more  conspicuous  than  the  differ^ 
ences.  And  so  one  might  go  on  through  the  series  of  systems. 

This  correspondence  was  expressed  by  the  term  homology.  Orgaas 
or  other  bodily  structures  in  individuals  of  two  different  species  are  said 
to  be  homologous  when  they  show  the  same  type  of  structure,  the  same 
relation  to  the  other  organs  of  the  body,  and  a  close  similarity  in  their 
embryological  origin  and  development  (Fig.  42:1).  Why  are  organs 
which  serve  such  different  functions  as  walking,  running,  swimming, 
flying,  constructed  on  the  same  plan?  Why  did  the  wings  of  a  pterosaur 


(plantigrade)  (digitigrade)  (unguligrade) 

Fig.  42: 1  The  hind  limbs  of  the  bear,  cat,  and  horse  showing  the  homologies  of  the  dif¬ 
ferent  parts  and  bones.  The  upper  dotted  line  joins  the  knees,  the  lower  the  ankles. 

contain  the  same  bones  as  the  forefeet  of  a  theropod?  Why  do  the  wings 
of  a  bat  contain  the  same  bones  as  the  forefeet  of  a  dog,  or  the  hand  of  a 
man?  And  why  does  a  whale  breathe  by  means  of  lungs  in  the  middle 
of  the  ocean?  The  natural  explanation  is  descent  from  a  common  simpler 
type  which  gradually  became  modified  while  retaining  fundamental 
features,  these  fundamental  features  being  such  as  could  not  become 
greatly  modified  without  interfering  with  the  vital  processes  of  the  indi¬ 
vidual.  Thus  in  the  bat  the  framework  for  the  wing  arose  as  a  result  of 
a  gradual  elongation  of  the  bones  of  the  fingers  rather  than  from  the 
development  of  an  entirely  new  bony  structure  adapted  from  the  be¬ 
ginning  to  flight. 

Again  when  the  wing  of  a  bat  is  compared  with  that  of  a  bird^  why  the 
marked  difference?  The  bat  was  first  a  mammal  and  then  a  chiropteran ; 
the  birds  are  descended  directly  from  the  reptiles  and  became  independ¬ 
ently  adapted  to  flight.  Feathers  are  shown  by  their  development  to  be 
highly  developed  reptilian  scales.  The  bones  of  a  bird’s  wing,  while 


Art.  4  COMPARATIVE  PHYSIOLOGY 


849 


showing  the  type  of  structure  characteristic  of  a  vertebrate  forelimb,  are 
markedly  different  from  those  of  a  bat.  Why  are  there  no  bats  with 
feathers  and  no  birds  with  batlike  wings?  Absurd,  you  say.  No,  only  in¬ 
consistent  with  the  principle  of  evolution. 

3.  VESTIGIAL  ORGANS 

Almost  every  animal  and  every  plant  has  hidden  away  somewhere  in 
its  anatomy  one  or  more  organs  which  seem  to  serve  no  useful  purpose 
but  which,  nevertheless,  continue  to  be  developed  generation  after  gen¬ 
eration.  The  human  body  is  not  without  its  quota  of  these  vestigial  organs, 
the  caecum  and  appendix,  the  little  toe,  the  coccyx,  and  in  most  cases 
the  wisdom  teeth.  In  many  rodents,  for  example  the  rabbit  and  porcu¬ 
pine,  the  caecum  is  enormous  and  constitutes  an  important  organ  of 
digestion.  Man  was,  of  course,  not  descended  from  a  rabbit,  but  un¬ 
doubtedly  in  some  of  his  ancestors  the  caecum  and  appendix  were  func¬ 
tionally  of  importance.  The  same  explanation  obviously  applies  to  the 
little  toe,  coccyx,  and  the  wisdom  teeth. 

Vestigial  hind  limbs  occur  in  the  python  in  the  form  of  two  small  bones 
on  each  side,  one  representing  the  ilium  and  the  other  the  femur.  From 
the  distal  ends  of  the  femur  project  two  small  claws  which  just  show 
between  the  scales  surrounding  the  anus.  The  slug  (Limax)  which  is 
often  a  pest  in  greenhouses  is  a  mollusk  which  appears  to  be  without  a 
shell.  There  is,  however,  a  small,  thin,  horny  plate,  the  vestige  of  a  shell, 
imbedded  in  the  flesh  of  the  dorsal  side. 

4.  COMPARATIVE  PHYSIOLOGY 

The  physiological  processes  in  different  species  of  animals  can  be 
compared  just  as  their  structures  can  be  compared.  We  have  already 
compared  many  of  these  processes  in  man  and  the  frog,  such  as  digestion, 
assimilation,  excretion,  respiration,  and  so  forth.  Similar  comparisons 
could  be  made  between  other  vertebrates  and  between  animals  of  other 
groups.  Careful  studies  of  certain  groups  of  animals  have  shown  that  the 
relationships  whieli  their  structural  characters  indicate  are  the  same  as 
those  which  are  indicated  by  the  degree  of  similarity  between  the  chemi¬ 
cal  and  physical  j:)ro('esses  which  go  on  in  their  bodies. 

Certain  dis(\ases  affect  only  closely  related  animals  or  plants.  Thus  it 
has  b(‘(‘n  possibh*  to  transmit  poliomyelitis  or  infantile  paralysis  only  to 
prirnal(‘s  (nu)nk(‘ys)  and  these  animals  have  to  be  used  for  experimental 
work  on  tlH‘  (lis(‘as(‘.  Among  the  plants  the  wheat  rust  attacks  not  only 
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the  wheat  plant  but  also  oats,  barley,  rye,  and  other  grasses  which, 
however,  all  belong  to  the  family  Gramineae. 

The  subject  of  antibodies  was  briefly  discussed  under  immunity  in 
the  chapter  on  bacteria  and  mention  was  made  of  precipitins  which 


Fig.  42 : 2  A  A  series  of  embryos  of  lower  vertebrates.  A,  fish ;  B,  salamander ;  C,  tortoise ; 
D,  chick.  Note  the  close  resemblance  between  the  embryos  in  the  earliest  stage  (top  row) 
and  that  the  differences  become  more  marked  as  development  proceeds.  After  Romanes, 
Darwin  and  after  Darwin,  from  Lindsay,  Evolution  and  Genetics,  by  permission  of  the  Open 
Court  Publishing  Company. 
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immobilize  bacteria.  Precipitins  are  formed  in  the  blood  not  only  in 
response  to  the  presence  of  bacteria  and  their  products  but  also  when  a 
foreign  protein,  such  as  that  from  the  tissues  or  body  fluids  of  another 
animal,  is  injected.  Thus,  if  blood,  or  better,  serum  from  a  dog  is  injected 


H 


Fi’k.  42:2  B  A  scries  of  in.iininali.in  cmI)ryos.  F,  pig;  F,  calf;  G,  rabbit,  H,  man^Note 
,1,"  ,l„.  li,.,  .l.r  rcs-Muble  tl.o.e  of  the  lower  vom'bra  ^  a.  d  ti^a. 

in  eve,,  ,l„.  l.„es,  H.-.^eH  ,l,e  ,.„.l.,  yos  .eseo.ble  each  other.  After  Rcna.tes 

f,-o,„  l,i„<l.s.,y,  I'Mution  ami  (Mies,  by  permission  of  the  Open  Conrt  Pnbl, 

ing  ( loinp.iny. 
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into  a  rabbit,  the  blood  of  the  latter  will  in  time  develop  precipitins, 
and  when  the  blood  of  this  rabbit  is  added  to  the  blood  scrum  of  a  dog, 
precipitation  of  proteins  will  occur.  The  precipitins  developed  in  the 
blood  depend  on  the  particular  kind  of  foreign  protein  which  is  injected. 
Thus  in  the  above  example  the  precipitins  developed  in  the  rabbit’s 
blood  in  response  to  the  presence  of  the  dog  scrum  are  most  effective  in 
causing  precipitation  in  dog’s  scrum,  and  cither  entirely  incfTectivc  or 
much  less  so  when  added  to  horse  scrum. 

Precipitin  tests  thus  provide  a  means  of  studying  the  relationships 
between  animals  from  a  physiological  point  of  view.  “For  instance, 
Nuttall  found  that  when  rabbit  blood-scrum  which  has  lx?cn  immunized 
against  human  blood-scrum  is  mixed  with  the  moderately  diluted  sera 
of  man,  apes,  and  monkeys,  respectively,  it  reacts  with  all,  though  in  a 
varying  degree.  When  mixed  with  more  highly  diluted  sera  from  such 
animals,  it  forms  a  precipitate  only  with  man  and  the  manlike  apes 
(chimpanzee,  orang-outang,  gorilla),  the  chimpanzee  standing  nearest  to 
man,”  ^  and  not  with  the  scrum  from  monkeys.  Precipitin  tests  have  been 
applied  to  other  groups  of  mammals  and  have  served  to  confirm  existing 
classifications.  More  recently  the  method  has  been  applied  to  amphib¬ 
ians  and  reptiles. 

5.  EMBRYOLOGY 

The  theory  of  recapitulation  states  that  organisms  pass  through  in 
development  stages  corresponding  to  adult  stages  of  organisms  lower  in 
the  scale  of  evolution.  How  docs  it  come  about  that  each  individual  in 
its  development  goes  through  a  series  of  stages  corresponding  to  the 
series  of  stages  which  classification,  comparative  anatomy,  and  compara¬ 
tive  physiology  indicate  as  stages  which  were  passed  through  in  the 
evolution  of  the  species?  \Vhy,  for  example,  do  gill  clefts  appear  in  the 
embryos  of  all  mammals?  Descent  with  modification  would  seem  to  offer 
the  best  explanation.  Gill  clefts  develop  in  mammals  because  they 
developed  in  their  ancestors,  where  they  were  present  not  only  in  the 
embryo  but  in  the  adult. 

Comparative  embryology  offers  further  evidence.  The  more  nearly 
animals  or  plants  are  related  in  their  classification,  comparative  anatomy, 
and  comparative  physiology,  the  more  do  their  embryos  resemble  each 
other,  especially  in  the  early  stages.  Indeed  it  is  usually  only  in  the  later 
stages  of  embryonic  development  that  specific  differences  appear  (Fig. 
42:2).  From  the  figure  it  is  clear  that  only  an  expert  would  recognize  the 

^  Guyer,  Michael  F.,  Animal  Biology^  Harper  &  Brothers,  New  York,  1937. 
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differences  between  the  vertebrate  embryos  illustrated  in  the  first  row. 
Only  in  the  later  stages  illustrated  in  the  third  row  can  the  embryos  be 
distinguished  as  those  of  a  fish,  an  amphibian,  a  reptile,  a  bird,  and  four 
different  mammals. 

6.  DOMESTICATION,  CULTIVATION,  AND  EXPERIMENTAL 
BREEDING 

Many  of  our  most  useful  plants  have  been  cultivated  and  our  most 
useful  animals  domesticated  by  man  since  prehistoric  times  and  many 
changes  have  been  brought  about.  In  certain  cases  the  ancestral  form 
has  been  found  and  the  relationship  of  the  cultivated  varieties  traced. 
For  example,  the  wild  cliff  cabbage  which  is  still  found  growing  in 
Europe  is  known  to  be  the  ancestor  not  only  of  the  cultivated  cabbage 
but  of  a  whole  series  of  plants  very  different  in  appearance  and  put  to 
different  uses,  including  the  broccoli,  the  kale,  the  kohlrabi,  the  Brussels 
sprout,  and  the  cauliflower  (Fig.  17:2). 

The  dog  was  probably  the  earliest  animal  domesticated  by  man  and 
its  origin  is  therefore  in  some  doubt.  By  some  authorities  it  is  believed  to 
have  been  descended  from  a  species  of  wolf  now  extinct,  others  would 
find  its  ancestor  among  existing  wolves,  while  still  others  believe  that 
the  different  domestic  varieties  now  existing  have  come  from  the  inter¬ 
breeding  of  two  or  more  wild  species  or  races.  In  any  case  the  number  of 
domestic  varieties  and  the  way  in  which  they  differ  in  size  from  the 
Newfoundland  to  the  Pekinese  and  in  build  from  the  English  bull  to  the 
Russian  greyhound  is  amazing.  Indeed  a  dog  show  resembles  in  variety 
a  miniature  zoological  garden.  Yet  we  know  that  all  the  canine  breeds 
have  arisen  under  domestication  from  a  single  or  at  most  a  few  very 
similar  wild  ancestors.  Descent  with  modification  has  produced  all  these 
varieties  during  the  coinj^arativcly  short  time  man  has  had  animals 
under  domestication. 
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I nve.sl iga ( ion  has  shown  lhat  in  most  cases  the  present  distribution  of 
sp(*(a('s,  giMK'ra,  or  (‘V(‘n  largc'r  groups  of  plants  and  animals  is  best 
ex|)lain(‘(l  by  assuming  (hat  each  has  arisen  at  a  certain  point  on  the 
earth’s  surfar(‘,  ('all(‘(l  a  center  of  dispersal,  and  has  spread  out  to 
oeeujiy  (Ik*  ar(\a  il  now  inhabits.  A  striking  example  of  this  and  also 
one  which  seians  to  show  ('volution  at  work  is  found  in  a  certain  genus 
orsn;iils  (ZV/r/z/^O,  i'l  lh('  valh'ys  bctwi'cn  the  mountciins  of  Tahiti.  These 
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islands  were  visited  by  a  naturalist,  Garrett,  in  1861-1884,  and  later  by 
another  investigator,  Crampton,  in  1907,  1909,  1919,  and  1923.  The 
later  surveys  showed  the  spreading  of  species  over  new  areas  and  their 
differentiation  into  subspecies  differing  in  size,  shape,  and  color.  “For 
example,  Partula  clura^  rare  in  Garrett’s  time  and  restricted  to  a  series  of 
valleys  comprising  only  one-fourth  the  area  of  I'ahiti,  had  spread  over 
four-fifths  of  the  whole  island  at  the  time  of  Crampton’s  visits  and 
broken  up  into  seven  subspecies.  Similarly  Partula  modosa  had  spread 
into  six  other  valleys  and  had  originated  three  new  varieties;  and  Partula 
otaheitana  displayed  eight  subspecies  and  varieties  of  varying  degrees.” 

The  distribution  of  animals  and  plants  is  much  affected  by  the  presence 
of  barriers.  These  are  of  many  kinds  and  depend  on  the  nature  of  the 
habitat  of  the  plant  or  animal  concerned.  Thus  for  a  land  animal  a 
river,  a  lake,  or  an  arm  of  the  sea  is  a  barrier;  for  a  fish,  land  is  a  barrier. 
Mountains  are  barriers  for  most  animals  and  plants  because  of  the 
changes  in  climate  which  occur  as  they  arc  ascended.  Lack  of  food  or 
the  presence  of  enemies  may  constitute  barriers.  Barriers  not  only  check 
the  spread  of  species  into  new  areas,  but  they  isolate  them  from  competi¬ 
tion  with  other  species.  There  is  evidence  that  geographic  isolation  is 
a  factor  in  the  production  of  new  species;  animals  or  plants  which  live  in 
isolation  tend  to  evolve  along  lines  different  from  the  parent  stock  from 
which  they  became  separated. 

The  effect  of  barriers  is  seen  in  the  kinds  of  plants  and  animals  which 
live  on  oceanic  islands.  \Vc  shall  consider  in  somewhat  more  detail  the 
case  of  the  Galapagos  Islands.  These  islands  are  situated  on  the  equator 
between  500  and  600  miles  off  the  west  coast  of  South  America.  They 
were  discovered  in  the  early  sixteenth  century.  Darwin  visited  and  ex¬ 
plored  them  in  1835  on  his  voyage  around  the  world  and  they  have 
since  been  visited  and  explored  by  a  number  of  scientific  expeditions. 

“The  archipelago  is  a  little  world  within  itself,  or  rather  a  satellite 
attached  to  America,  whence  it  has  derived  a  few  stray  colonists,  and 
has  received  the  general  character  of  its  indigenous  productions.  Con¬ 
sidering  the  small  size  of  these  islands,  we  feel  the  more  astonished  at  the 
number  of  their  aboriginal  beings,  and  at  their  confined  range.  Seeing 
every  height  crowned  with  its  crater,  and  the  boundaries  of  most  of  the 
lava-streams  still  distinct,  we  are  led  to  believe  that  within  a  period, 
geologically  recent,  the  unbroken  ocean  was  here  spread  out.  Hence, 
both  in  space  and  time,  we  seem  to  be  brought  somewhat  near  to  that 
great  fact  —  that  mystery  of  mysteries  —  the  first  appearance  of  new  be¬ 
ings  on  this  eaxth.”  The  plants  and  animals  on  these  islands  are  clearly 
the  descendants  of  such  forms  as  could  have  found  their  way  or  been 
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transported  by  natural  agencies  to  the  islands.  “Of  toads  and  frogs  there 
are  none:  I  was  surprised  at  this  considering  how  well  suited  for  them 
the  temperate  and  damp  upper  woods  appeared  to  be.”^  The  explana¬ 
tion  is  given  by  Darwin  in  the  Origin  of  Species:  “As  these  animals  and 
their  spawn  are  immediately  killed  (with  the  exception,  as  far  as  is 
known,  of  one  Indian  species)  by  sea  water,  there  would  be  great  diffi¬ 
culty  in  their  transportal  across  the  sea,  and  therefore  we  can  see  why 
they  do  not  exist  on  strictly  oceanic  islands.  But  why  on  the  theory  of 
creation  they  should  not  have  been  created  there,  it  would  be  very 
difficult  to  explain.”^ 

The  effect  of  isolation  in  leading  to  the  formation  of  new  species  is 
well  shown  on  oceanic  islands.  “Although  terrestrial  mammals  do  not 
occur  on  oceanic  islands,  aerial  mammals  do  occur  on  almost  every 
island.  New  Zealand  possesses  two  bats  found  nowhere  else  in  the  world; 
Norfolk  Island,  the  Viti  Archipelago,  the  Bonin  Islands,  The  Caroline 
and  Marianas  archipelagoes,  and  Mauritius  all  possess  their  peculiar 
bats.  Why,  it  may  be  asked,  has  the  supposed  creative  force  produced 
bats  and  no  other  mammals  on  remote  islands?  On  my  view  this  question 
can  easily  be  answered;  for  no  terrestrial  mammal  can  be  transported 
across  a  wide  space  of  sea,  but  bats  can  fly  across.  Bats  have  been  seen 
wandering  by  day  far  over  the  Atlantic  Ocean.”  ^  Hence  we  have  only 
to  suppose  that  such  wandering  species  have  been  modified  in  their  new 
homes  in  relation  to  their  new  environment.  When  introduced  by  man, 
many  groups  of  mammals  thrive  in  these  islands.  Rabbits  introduced 
from  Europe  have  become  a  serious  pest  in  New  Zealand.  The  reptiles 
of  the  Galapagos  Islands  are  peculiar.  There  are  few  species,  but  each 
species  is  represented  by  a  large  number  of  individuals.  The  list  includes 
one  small  lizard  belonging  to  a  South  American  genus,  two  species  of 
large  lizards,  one  snake  identical  with  a  Chilean  species,  more  than  one 
species  of  sea  turtle,  and  two  or  three  species  of  land  tortoises.  The  two 
species  of  large  lizards  and  the  tortoises  are  especially  interesting.  One 
species  of  lizard  is  marine,  basking  on  the  rocky  sea  beaches  and  swim¬ 
ming  out  to  sea  to  feed  on  an  alga  which  grows  on  the  sea  bottom  below 
tide  marks;  another  is  t(‘rrestrial,  living  in  burrows  and  feeding  on  cactus 
and  the  leaves  of  trees,  d’hc  tortoises  grow  to  a  great  size,  some  so  large  as 
to  recjuint  eight  iihmi  to  lift  one  from  the  ground.  They  occur  in  great 
numbers,  h'ed  rhi(‘lly  on  cactus,  and  inhabit  the  arid  parts  of  the  islands. 

'  Darwin,  Clharics,  Jourml  of  Researches  Info  the  Natural  History  and  Geolo^ 

Visited  dunnr  the  Voyane  of  H.M.S.  Rea^^le  round  the  World,  John  Murray,  London,  2d  cd.  1879 
Darwitf,  ( lharic's,  '!  he  Origin  of  Sfecies  by  Means  of  Natural  Selection,  or  the  Preservation  of 
Favored  Races  in  the  S’truyjde  for  Life,  John  Murray,  London,  6th  cd.,  1880. 

•'  Ibid. 
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Darwin  remarks  that  there  is  no  other  part  of  the  world  where  reptiles 
take  the  place  of  herbivorous  mammals  in  so  extraordinary  a  manner; 
and  that  the  geologist  will  probably  refer  back  in  his  mind  to  the  Meso¬ 
zoic  —  the  Age  of  Reptiles. 

8.  PALEONTOLOGY 

In  Chap.  40,  The  History  of  Life  on  the  Earth,  the  fossil  record  of  the 
occurrence  of  plants  and  animals  has  been  discussed.  T  his  record  shows 
that  the  simplest  groups  of  plants  and  animals  were  the  first  to  appear. 
Thus  in  the  Archeozoic  and  Proterozoic  eras  what  records  we  have  show 
only  the  presence  of  the  simplest  of  animals  and  plants.  Although  many 
well-preserved  fossils  from  the  Early  Paleozoic  have  been  found,  the 


Equus  Merychippus  Mesohippus  Eohippus 
(Recent)  (Miocene)  (Oligocene)  (Eocene) 


Fig.  42:3  The  evolution  of  the  horse. 

record  shows  the  absence  of  any  true  vertebrates  or  of  any  land  plants 
or  animals.  The  migration  toward  the  land  began  in  the  Middle  Paleo¬ 
zoic  as  indicated  by  fossils  of  certain  fernlike  plants  and  the  primitive 
amphibians  called  stegocephalians.  The  Late  Paleozoic  shows  the 
growth  of  forests  of  tree  ferns,  and  the  advent  of  reptiles  and  insects,  but 
no  angiosperms,  mammals,  or  birds  are  known  from  this  era. 

The  Mesozoic,  the  Age  of  Reptiles,  saw  not  only  the  great  adaptative 
radiation  of  these  creatures,  but  the  first  flowering  plants,  mammals, 
birds,  and  modern  fishes.  Lastly,  coming  to  the  Cenozoic  or  Age  of 
Mammals,  we  find  a  record  of  their  adaptive  radiation  and  dominance. 
Only  at  the  end  of  this  era  in  the  Quaternary  does  man  appear  upon  the 
scene.  Thus  the  fossil  record  confirms  the  evidence  of  classification, 
comparative  anatomy,  comparative  physiology,  and  geographical  dis- 


Art  8  PALEONTOLOGY 


857 


tribution  for  the  gradual  evolution  of  the  higher  plants  and  animals 
from  simpler  forms. 

The  convincing  nature  of  the  geological  record  may  best  be  realized 
by  a  careful  study  of  a  particular  case.  The  fossil  record  of  the  evolution 


Eohippus 

(Eocene) 


Equus  Merychippus  Mesohippsus  Eohippus 

Fit;.  42:4  'l  lx-  cvolmion  of  the  for.-  log  of  the  horse.  Above,  side  views;  below,  front 
views. 


of  the  hor.se  is  probably  tlic  most  detailed  and  best  preserved  of  any  of 
the  fossil  reeords  of  |)lants  or  animals  yet  investigated.  The  horse  is 
distinguished  especially  by  two  striking  features  —  its  great  speed  which 
depetids  on  ihe  special  slructure  and  development  of  its  legs,  and  its 
.ibilily  lo  exisi  on  ihe  leaves  and  seeds  of  grasses  which  depends  in  part 
on  Ihe  speei.alizalion  of  its  teeth  for  grinding.  The  earliest  known  horse 
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occurred  in  the  early  part  of  the  I'ertiary  Period  in  the  Eocene  epoch 
and  has  been  appropriately  named  Eohippus  (Fig.  42:3).  This  little 
creature  was  about  the  size  of  a  fox  terrier  but  more  slender  in  the  legs 
and  with  a  longer  head.  Compared  with  a  modern  horse,  genus  Equus, 
its  legs  were  somewhat  shorter.  On  each  of  its  forefeet  it  had  four  toes, 
corresponding  to  our  four  fingers  and  representing  the  second  to  fifth 
digits  of  a  pentadactyl  appendage  (Fig.  42:4).  On  its  hind  feet  it  had 


Fig.  42:5  The  “dental  batter)  ’’  of  an  adult  horse,  pm*,  pm’,  pm\  second,  third,  and 
fourth  premolars;  m‘,  nr,  m\  first,  second,  and  third  molars.  The  upper  first  premolars 
arc  usually  present  in  the  colt  as  small  vestigial  nonfunctional  teeth.  The  lower  first  pre- 
molar  occurs  only  very  rarely.  Note  the  small  canines  and  the  incisors.  From  Matthew 
and  Chubb,  Evolution  oj  the  Horse,  by  permission  of  the  .Xmerican  Museum  of  Natural 
History. 

three  toes,  numbers  two  to  four.  The  four  toes  of  the  forefeet  and  the 
three  toes  of  the  hind  feet  were  all  placed  on  the  ground  and  used  in 
walking. 

In  the  OHgocene,  the  next  epoch,  a  slightly  larger  fossil  horse, 
Mesohippus^  about  the  size  of  a  sheep,  occurs.  In  Mesohippus  there  are 
three  toes  on  each  of  the  fore  and  hind  feet  and  each  toe  touches  the 
ground  and  shares  in  the  support  of  the  weight.  In  the  Miocene,  which 
followed  the  Oligocene,  occurred  MerychippuSj  a  horse  which  reached 
the  size  of  a  small  pony.  In  this  horse,  although  there  were  three  toes  on 
each  foot,  the  middle  toes  were  much  the  strongest  and  supported  all  the 
weight,  the  other  toes  dangling  at  the  side.  Other  species  occurred  in 
the  Pliocene  and  Pleistocene  which  show  further  reduction  of  the  side 
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toes.  In  the  modern  horse,  EquuSy  the  side  toes  are  reduced  to  the  small, 
scarcely  recognizable  splint  bones  which  are  often  fused  to  the  meta¬ 
carpal  or  metatarsal  of  the  single  supporting  digit. 

The  evolution  was,  of  course,  not  confined  to  the  legs,  all  parts  of  the 
body  of  the  animal  evolved  simultaneously  in  the  direction  of  producing 
an  animal  adapted  to  life  on  grass-covered  plains.  While  the  feet  evolved 
to  provide  speed  in  running,  the  skull  and  teeth  evolved  to  provide  for 
the  grinding  of  stems  and  leaves  of  the  coarse,  hard  grasses  which  con¬ 
stituted  the  chief  source  of  food.  To  this  end  the  jaws  lengthened  and 
increased  in  strength  as  seen  in  the  lengthening  of  the  whole  head 
(Fig.  42:5).  The  most  conspicuous  feature  of  the  teeth  of  the  modern 
horse  is  the  way  in  which  the  premolars  and  molars  are  modified  for 
grinding.  There  are  three  functional  premolars  and  three  molars  on 
each  side  of  each  jaw.  On 
account  of  the  way  in  which 
the  dentine,  enamel,  and 
cement  are  laid  down  and 
the  unequal  wear  of  these, 
the  grinding  surface  of  the 
tooth  is  always  maintained 
rough  and  uneven  (Fig. 

42:6).  The  way  in  which  a 
horse,  and  the  same  is  true 
of  a  cow,  moves  its  jaws 
from  side  to  side  and  back 
and  forth  in  chewing  is 
familiar.  By  this  movement 


Cement 


Enamel 


Cavity  opening 
to  exterior  only 

Dentine 

Cement 

Fig.  42:6  Teeth  of  the  horse.  On  left,  unworn  sur¬ 
face  of  a  premolar  of  a  colt  before  birth  showing  the 
upper  surface  covered  with  enamel;  on  right,  same 
premolar  after  birth  showing  worn  surface  which  is 
now  composed  of  cement,  enamel,  and  dentine  which 
have  worn  away  unequally.  Clear  area,  enamel; 
stippled  area,  cement;  lined  area,  dentine;  solid 
black,  shallow  external  cavity.  Redrawn  after 
Matthew  and  Chubb,  Evolution  of  the  Horse,  by  per¬ 
mission  of  the  American  Museum  of  Natural  History. 


the  rough  surfaces  of  the 

teeth  pass  over  each  other  with  the  grass  in  between.  The  gradual  evolu¬ 
tion  of  the  grinding  mechanism  of  the  modern  horse  can  be  traced  in  the 
fo.ssil  horses  referred  to  in  the  discussion  of  the  evolution  of  the  feet. 

It  should  be  emphasized  that  the  three  fossil  forms,  Eohippus,  Mesohip- 
pus,  Merychippus,  are  only  a  few  of  the  many  fossil  horses  known  from 
the  I'oceiK^  on.  A  number  of  other  species  showing  stages  of  evolution 
intermediate  bedween  those  illustrated  are  known.  On  the  other  hand, 
not  all  fossil  horsc's  fall  into  this  series.  As  in  the  case  of  other  animals, 
adaptive'  radiation  has  also  occurred  in  the  horse,  so  that  we  see  species 
braoehing  olf  from  the  main  line  of  evolution  of  the  modern  horse  and 
develoi)ing  along  otlu'r  lines  leading  to  forms  now  extinct. 

Although  Asia  and  Africa  are  today  the  natural  homes  of  all  living 
wild  specie's  of  the'  ge'ims  Equus,  and  there  were  no  horses  in  North  or 
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South  America  when  this  continent  was  discovered  by  the  white  man, 
it  was  mainly  in  North  America  that  the  evolution  of  the  horse  occurred. 
The  so-called  wild  horses  of  North  and  South  America  are  feral,  being 
the  descendants  of  domestic  horses  brought  over  and  allowed  to  become 
“wild”  by  the  early  colonists. 
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Questions 

1.  Discuss  the  meaning  of  the  term  “organic  evolution.” 

2.  What  is  meant  by  the  natural  classification  of  plants  and  animals?  Explain 
how  the  fact  that  such  a  classification  can  be  made  is  evidence  of  evolution. 

3.  What  are  intergrading  species?  How  does  their  existence  give  evidence  of 
evolution? 

4.  What  is  homology?  What  is  the  natural  explanation  of  the  presence  of 
homologous  organs? 

5.  Discuss  the  evidence  for  evolution  from  comparative  physiology. 

6.  Discuss  the  evidences  for  evolution  from  embryology. 

7.  What  evidence  of  evolution  is  provided  by  a  dog  show  or  a  poultry  show? 

8.  Discuss  the  evidence  for  evolution  which  is  obtained  by  studying  the  life  on 
oceanic  islands. 

9.  Summarize  the  paleontological  record  of  life  on  the  earth. 

10.  Discuss  the  evolution  of  the  horse.  How  does  it  show  adaptation? 
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CHAPTER  43 


The  Mechanism  of  Organic  Evolution 


1.  GENERAL  CONSIDERATIONS 

Although  the  idea  of  evolution  as  a  process  of  unfolding  and  develop¬ 
ment  of  organic  forms  dates  from  the  time  men  first  began  to  think 
about  the  relations  between  the  different  kinds  of  plants  and  animals 
and  how  they  came  to  exist  upon  the  earth,  the  attempt  to  discover  the 
mechanism  of  evolution,  i.e.,  the  exact  way  in  which  natural  processes 
combine  to  bring  about  the  development  of  new  species,  really  began 
in  the  nineteenth  century,  more  than  two  centuries  after  the  successful 
application  of  the  scientific  method  to  physical  phenomena. 

The  man  who,  beyond  all  others,  was  responsible  for  the  introduction 
of  the  scientific  method  of  observation  and  deduction  into  the  study  of 
evolution  was  Charles  Darwin.  Before  considering  his  work  and  in  order 
that  we  may  better  appreciate  what  he  did  we  will  first  consider  that  of 
Lamarck. 

2.  LAMARCK’S  THEORY 

Lamarck  expounded  his  theory  in  a  speculative  work  entitled  Philosophie 
^oolooique  published  in  1809.  Lamarck’s  philosophical  outlook  on  life, 
like  that  of  most  of  his  contemporaries,  was  vitalistic,  i.e.,  he  believed 
tliat  the  organic  world  as  wc  see  it  is  the  result  of  the  action  of  vital 
forces  diff(Tent  from  any  of  the  physical  forces  which  operate  in  the  in¬ 
organic  world.  In  the  Philosophie  ^pologique  his  theory  is  developed  in 
the  form  of  a  series  of  “laws”  which  arc  here  called  postulates. 

FIRST  POSTULATE.  lafe,  by  its  own  efforts,  tends  continually  to  in¬ 
crease*  (he  volume  of  every  body  which  it  possesses  and  to  increase  the 
si/e  of  i(s  parts  nj>  to  a  limit  which  life  itself  determines. 

'l\\r  idea  (hal  irrowlh  is  a  characteristic  of  living  matter  is  stated  in 
-  861 
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an  early  chapter  of  this  text.  Lamarck  states  it,  however,  from  a  vitalistic 
point  of  view.  VVe  know  today  that  growth  is  the  result  of  internal  and 
external  forces,  of  the  interaction  of  the  organism  with  its  environment. 

SECOND  POSTULATE.  The  formation  of  a  new  organ  in  the  lx)dy  of 
an  animal  is  the  result  of  a  new  need  which  has  arisen  and  continues  to 
be  felt  by  the  animal  and  of  the  new  activity  which  this  need  initiates 
and  prolongs. 

This  is  directly  contrary  to  the  evidence  furnished  by  embryology.  For 
example  the  vertebrate  eye  starts  to  develop  in  the  vertebrate  embryo 
long  before  there  is  any  need  for  an  eye,  and  the  eye  of  mammals  de¬ 
velops  in  the  darkness  of  the  uterus.  TIow  could  an  unborn  animal  feel 
the  need  of  an  eye?  Further  there  is  no  evidence  that  a  mother  can 
transmit  the  feeling  of  need  to  its  offspring,  especially  before  the  latter 
has  a  functional  nervous  system.  Nor  is  it  logical  to  argue  that  the  evolu¬ 
tion  of  an  eye  could  be  brought  about  by  a  need  of  the  species  because 
the  species  is  an  abstract  conception. 

THIRD  POSTULATE.  The  extent  of  development  of  organs  and  their 
power  of  action  is  proportional  to  their  use. 

This  postulate  expresses  the  fact  that  use  tends  to  increase  the  develop¬ 
ment  of  an  organ  in  an  individual  and  lack  of  use  to  degeneration  —  a 
fact  which  no  one  will  dispute. 

FOURTH  POSTULATE.  All  changes  in  or  acquisitions  to  the  bodily  or¬ 
ganization  of  an  individual  during  its  life  are  transmitted  by  the  process 
of  reproduction  to  its  descendants. 

The  subject  of  the  inheritance  of  acquired  characters  is  discussed  in 
the  chapter  on  heredity,  and  the  conclusion  is  reached  that  there  is  no 
scientific  evidence  for  the  inheritance  of  such  characters. 

The  feature  of  Lamarck’s  theoiy  which  has  received  most  attention 
is  that  relating  to  the  inheritance  of  acquired  characters.  This  has  al¬ 
ways  had  a  strong  appeal  to  the  popular  imagination.  It  is  the  fervent 
desire  of  ever\^  parent  that  the  results  of  his  efforts  at  self-improvement 
should  be  transmitted  to  his  children  and  to  his  children’s  children. 
The  theory  also  holds  out  the  hope  that  improving  the  environment 
will  lead  to  the  improvement  of  the  race.  Thus  not  only  will  the  present 
generation  be  made  happier,  but  future  generations  will  benefit.  The 
facts  do  not  support  this  attractive  theory,  and  it  may  be  doubted 
whether  such  a  plastic  mechanism  ^vould  in  the  end  lead  to  any  great 
advances  or  progressive  evolution.  The  theory  of  Lamarck  fails  to  give 
an  adequate  explanation  of  the  mechanism  of  evolution  because  the 
postulates  on  which  it  is  based  cannot  be  accepted  in  The  light  of  present 
knowledge. 
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3.  DARWIN’S  THEORY  OF  NATURAL  SELECTION 

Charles  Darwin  expounded  his  theory  in  The  Origin  of  Species  by  Means 
of  Natural  Selection  or  the  Preservation  of  Favoured  Races  in  the  Struggle  for  Life, 
published  in  1859.  Simultaneously  and  independently  Alfred  Russel 
Wallace  reached  the  same  conclusions  as  Darwin,  but  as  Darwin  de¬ 
veloped  the  theory  in  greater  detail  and  after  a  vast  accumulation  of 
facts,  the  theory  is  usually  associated  with  his  name.  As  in  the  case  of 
Lamarck’s  theory,  the  theory  of  natural  selection  can  best  be  discussed 
as  a  series  of  postulates  and  conclusions. 

FIRST  POSTULATE  —  VAR/ATI  ON.  Individuals  of  the  same  species 
differ  and  often  the  differences  concern  structures  important  for  the 
individuals. 

SECOND  POSTULATE  —  OVERPRODUCTl ON.  In  most  cases  more 
individuals  are  born  than  will  survive. 

FIRST  CONCLUSION  —  STRUGGLE  FOR  EXISTENCE.  In  order  to 
survive  an  individual  must  compete  with  other  individuals. 

THIRD  POSTULATE  —  THE  SURVIVAL  OF  THE  FITTEST.  In  this  com¬ 
petition  those  individuals  which  are  best  adapted  to  the  environment 
will  survive. 

FOURTH  POSTULATE  —  INHERITANCE.  The  fit  individuals  pass  their 
fitness  on  to  their  descendants.  This  does  not  imply  the  inheritance  of 
acquired  characters  since  the  fitness  may  not  have  been  acquired  by  the 
individual  but  may  have  been  due  to  variation  (First  Postulate). 

SECOND  AND  FINAL  CONCLUSION.  New  species  arise  by  the  con¬ 
tinued  survival  and  reproduction  of  the  individuals  best  fitted  or  adapted 
to  the  particular  environment. 

We  may  now  proceed  to  consider  these  postulates  and  conclusions  in 
more  detail.  Variation  is  most  apparent  to  us  in  mankind,  especially  in 
men  of  our  own  race  and  in  domesticated  animals.  No  doubt  the  human 
species  is  a  very  variable  one  and  the  animals  and  plants  under  domesti¬ 
cation  tend  to  show  great  variety.  Nevertheless,  it  must  be  remembered 
that  most  of  us  are  more  familiar  with  the  characteristics  of  man  and 
domestic  animals  than  with  those  of  wild  animals.  Studies  of  different 
species  of  wild  animals  and  plants  have  shown  that  they  also  are  variable 
and  that  important  differences  may  occur  between  the  members  of  the 
same  species.  The  difficulty  is  to  decide  which  variations  are  of  survival 
value,  i.c.,  which  variations  place  the  animal  or  plant  at  an  advantage 
in  the  competilion  for  food,  protection  against  enemies,  and  ability  to 

produce  offspring.  .  i  i 

'I'lic  fad  llial  llicic  is  an  overproduction  of  young  individuals  must 
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be  evident  to  all.  For  example  a  female  codfish  produces  during  the 
breeding  season  on  the  average  six  million  eggs  which  nearly  all  become 
fertilized.  This  means  that  for  every  pair  of  codfish  in  the  sea,  six  million 
fertile  eggs  are  laid,  and  if  all  of  these  reached  maturity  the  number  of 
codfish  in  the  sea  would  be  increased  three  million  times  each  year.  As 
a  matter  of  fact,  rather  careful  records  arc  kept  by  the  governments  of 
countries  interested  in  commercial  cod  fishing  and  it  is  known  that  al¬ 
though  the  abundance  of  the  fish  varies  somewhat  from  year  to  year 
they  arc  probably  on  the  decrease  rather  than  the  increase. 

It  should  be  emphasized  that  the  struggle  for  existence  which  Dar¬ 
win  considered  such  an  important  factor  in  evolution  does  not  necessarily 
imply  the  idea  of  a  combat  between  individuals,  but  merely  competition. 
For  example,  birds  which  by  strength  of  wing  or  skill  in  maneuvering 
may  have  avoided  death  in  a  storm  may  know  naught  of  their  weaker 
fellows  who  perished. 

Darwin’s  Origin  of  Species  appeared  six  years  before  Mendel  published 
the  results  of  plant  breeding  which  inaugurated  the  modern  study  of 
heredity.  The  bearing  of  the  present  knowledge  of  heredity  on  Darwin’s 
theory  of  natural  selection  will  be  discussed  in  a  later  section. 

On  the  whole  it  may  be  said  that  the  logic  of  Darwin’s  reasoning  and 
the  army  of  facts  which  he  brought  to  support  it  have  withstood  eighty 
years  of  bitter  and  violent  criticism. 

4.  DE  VRIES’S  MUTATION  THEORY 

In  1886  Hugo  de  VTies  began  a  long  series  of  experiments  on  various 
wild  and  cultivated  plants  which  led  him  to  propound  his  “mutation 
theory”  in  1905  in  a  book  entitled  Species  and  Varieties^  Their  Origin  by 
Mutation.  Many  of  De  Vries’s  experiments  were  conducted  on  the  eve¬ 
ning  primrose,  Oenothera  lamarckiana.  By  transplanting  wild  plants  of  this 
species  to  his  garden  and  breeding  them,  De  Vries  obtained  many  new 
types  which  differed  to  an  extent  which  led  him  to  call  them  new  species. 
It  has  been  shown  that  De  Vries  was  somewhat  unfortunate  in  the  species 
which  he  chose  for  experimentation  and  that  some  of  his  “new  species” 
were  due  to  the  segregation  or  breeding  out  of  recessive  characters  present 
in  the  germ  plasm  of  the  wild  type  rather  than  to  the  occurrence  of 
mutations.  Nevertheless,  it  should  be  said  that  it  is  generally  admitted 
that  mutations  may  form  a  basis  for  the  action  of  natural  selection 
in  the  production  of  new  varieties  and  possibly  new  species,  and 
therefore  that  in  this  respect  the  mutation  theory  of  de  Vries  still 
stands. 
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5.  SOME  SPECIAL  THEORIES 


Any  theory  of  the  mechanism  of  evolution,  which,  like  that  of  Charles 
Darwin,  assumes  descent  with  modification  as  the  principle  cause  of  the 
diversity  of  plant  and  animal  life,  must  be  chiefly  concerned,  on  the  one 
hand,  with  variations  —  how  they  occur  and  how  they  are  transmitted 
—  and,  on  the  other  hand,  with  the  conditions  under  which  variations 
are  transmitted  and  what  determines  which  variations  are  transmitted. 
A  number  of  theories  dealing  with  one  or  the  other  or  both  of  these 
aspects  of  the  problem  of  organic  evolution  have  been  developed  and 
have  had  considerable  influence  on  biological  thinking. 

In  the  account  of  the  germ-cell  cycle  in  animals  in  Chap.  37,  the 
primordial  germ  cells  were  described  as  early  separating  from  the  so¬ 
matic  cells.  This  observation  coupled  with  the  lack  of  evidence  for  the 
inheritance  of  acquired  characters  has  led  to  the  development  of  a 
theory  of  the  continuity  of  the  germ  plasm  according  to  which  the 
germ  cells  are  believed  to  lead  a  life  entirely  apart  and  independent  of 
the  soma  cells.  While  this  seems  to  be  at  least  very  largely  the  case  in 
some  invertebrates,  e.g.,  the  roundworm  Ascaris,  it  is  apparently  not  the 
case  in  others,  where,  as  in  Hydra,  a  part  of  an  animal  not  containing 
reproductive  organs  may  regenerate  into  an  entire  individual  and  the 
regenerated  individual  may  produce  germ  cells.  Although  regeneration 
to  this  extent  is  not  known  in  vertebrates  the  early  stages  of  the  germ 
cells  seem  to  be  by  no  means  distinctly  separated  from  the  soma  cells. 
In  the  higher  plants  a  germ-cell  cycle  in  the  sense  of  a  clearly  separate 


generation  of  cells  docs  not  seem  to  exist. 

In  keeping  with  the  theory  of  the  continuity  of  the  germ  plasm  is  the 
theory  of  germinal  selection  advocated  by  August  Weismann  (1834- 
1914).  According  to  this  theory  selection  occurs  among  the  germ  cells 
rather  than  among  tlic  individuals  produced  by  them.  There  is  no 
evidence  llial  sucli  selection  occurs  among  germ  cells.  Since  the  theory 
does  not  iiostulati^  any  relation  between  the  characters  selected  in  the 
giTin  cells  and  the  adaptation  of  the  resulting  individual,  it  would  not 
seem  to  olfer  any  real  explanation  of  evolution. 

Th(-  theory  of  orthogenesis  (Gr.  orthos,  straight  +  genesis,  develop- 
rneiK)  has  appealed  ehielly  to  paleontologists  and  is  usually  attributed 
to  Theodor  I'aiiK-r  (1843-98).  According  to  the  theory,  evolution  has 
tended  to  ttike  and  pursue  certain  directions  which  have  in  many  cases 
l<-d  to  ov<-rsp<-eiali/,ation  and  to  the  development  of  structures  beyond 
(heir  us<-fuln<-ss.  Examples  cited  include  the  enormous  recurved  tusks 
of  the  ,-xtin<  t  mammoths  and  ma.stodons  (Fig.  40:12),  the  huge  antlers 
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of  the  extinct  “Irish  elk,”  the  heavy  armor  plates  and  spines  of  some  of 
the  dinosaurs,  and  the  long  uncoiled  shells  of  the  extinct  mollusks  known 
as  ammonites.  In  the  earlier  forms  of  the  theory  the  rectilinear  develop¬ 
ment  is  due  to  variation  occurring  in  a  definite  direction.  There  is  no 
evidence  that  variation  tends,  in  general,  to  occur  in  definite  directions. 
In  later  forms  of  the  theory  selection  is  given  the  role  of  determining  the 
rectilinear  development.  Selection  should  tend  to  act  in  directions  pro¬ 
ducing  definite  adaptations.  But  why  the  adaptations  should  develop 
beyond  any  possible  usefulness,  if  they  do,  is  not  clear. 

6.  THE  ORIGIN  OF  SPECIES  IN  THE  LIGHT  OF  PRESENT 
KNOWLEDGE 

A.  THE  SPECIES  CONCEPT 

The  question  “What  is  a  species”  was  briefly  discussed  in  the  section 
on  taxonomy  in  Chap.  3.  There  the  term  species  was  defined  as  “a  group 
of  organisms  which  are  similar  morphologically  and  physiologically, 
which  normally  breed  only  within  the  group  and  which  have  in  common 
a  certain  complex  of  hereditary  characters  which  in  general  constitute 
the  characteristics  of  the  species.”  Actually  species  are  usually  defined 
by  listing  certain  characters  which  serv^e  to  distinguish  the  individuals 
of  the  particular  species  from  individuals  of  other  species  of  the  same 
genus,  the  genus  havdng  been  already  defined.  Thus  the  eastern  gray 
squirrel,  Sciurus  carolinensis^  may  be  defined  as  a  squirrel  of  rather  large 
size  with  a  large  broad  bushy  tail  equal  in  length  to  the  body,  short  legs, 
rounded  head  and  soft  fur,  grayish  or  rusty  yellow  above,  and  white 
underneath.  It  cannot  be  denied  that  some  of  these  characters  are 
rather  vague,  and  if  one  were  confronted  with  an  individual  squirrel  of 
unknown  species  it  might  be  difficult  or  impossible  to  determine  from 
this  description  whether  or  not  it  belonged  to  the  species  carolinensis. 
Nevertheless  a  farmer’s  boy  familiar  with  gray  squirrels  would  have  no 
difficulty  in  identifying  it.  For  this  reason  many  biologists  regard  the 
idea  of  a  species  as  something  more  than  a  mere  collection  of  characters 
and  give  to  each  species  a  kind  of  individuality  resembling  that  which  is 
given  to  particular  individuals. 

Thus  the  term  species  has  been  used  for  two  fundamentally  different 
concepts.  According  to  one  of  these  a  species  is  an  abstraction  and  is 
defined  by  a  list  of  characters  each  of  which  may  vary  within  a  given 
range.  In  this  case  the  systematist  tries  to  keep  in  mind  an  ideal  individual 
which  represents  a  sort  of  average  for  the  species.  Such  an  ideal  individ¬ 
ual  is  not  to  be  confused  with  a  “type  specimen”  of  a  species.  This  latter 
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is  usually  the  first  specimen  of  the  species  to  be  described  and  is  usually 
kept  for  reference.  According  to  the  other  concept,  which  may  be  said 
to  be  more  concrete,  a  species  is  a  group  of  individuals  which  constitute 
a  taxonomic  unit.  If  all  the  individuals  of  the  species  past  and  present 
could  be  collected  together  they  would  constitute  the  species,  and  any 
definition  of  the  species  would  have  to  be  based  on  the  group  as  a  whole. 
Both  concepts  are  difficult  to  apply  in  practice.  Thus  the  abstract  con¬ 
cept  dealing  with  an  ideal  individual  is  either  subject  to  the  personal 
ideals  of  each  particular  investigator  or  arbitrarily  stated  by  some 
authority ;  while  the  attempt  to  be  concrete  leads  to  a  concept  involving 
more  individuals  than  can  possibly  be  observed,  at  least  in  most  cases. 
The  fact  is  that  most  species  grade  into  other  similar  species.  From  the 
point  of  view  of  the  origin  of  species  and  the  evolution  of  organisms  in 
general  the  more  concrete  conception  of  a  species  as  fundamentally  con¬ 
sisting  of  a  specific  group  of  individuals  has  proved  the  more  serviceable. 

B.  SUBSPECIES  AND  POPULATIONS 

Most  species  are  limited  to  a  definite  geographic  range  outside  of 
which  they  do  not  occur  and  within  which  they  may  occur.  Studies  of 
large  numbers  of  individuals  collected  over  the  geographic  range  of  a 
species  frequently  show  that  the  species  may  be  divided  into  subspecies, 
the  individuals  of  which  possess  certain  characteristics  in  common 
not  possessed  by  the  other  members  of  the  species.  Such  subspecies 
usually  have  a  more  limited  geographic  range  than  the  species  as  a 
whole. 

In  the  study  of  species  the  term  population  is  frequently  used.  A 
population  is  a  group  of  individuals  inhabiting  a  given  area.  A  species 
or  a  subspecies  may  include  one,  several,  or  many  populations  inhabiting 
an  area  within  the  area  inhabited  by  the  species  or  subspecies.  It  is 
seldom  that  all  the  individuals  composing  a  population  can  be  studied. 
A  sample  must  be  chosen.  The  aim  is  usually  to  take  a  random  sample, 
i.c.,  one  in  which  the  individuals  have  been  collected  without  regard 
to  any  {)articular  characters  or  qualities.  Such  a  sample  is  then  taken 
as  representing  the  entire  population.  Obviously  this  depends  on  how 
the  sample  was  chosen  and  whether  it  is  truly  a  random  sample. 


C.  VARIATIONS  WITHIN  SPECIES 

Varialions  widiin  species  take  two  main  forms:  variations  which  are 
„()l  inh(‘ri(ed  and  which  are  usually  attributed  to  an  effect  of  the  environ- 
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mcnt,  and  variations  which  arc  inherited  and  arc  hence  due  to  changes 
in  the  hereditary  material.  Variations  which  are  not  inherited  are  not 
regarded  as  playing  any  direct  role  in  the  formation  of  new  species  and 
therefore  will  not  be  considered  here.  Inherited  variations  are  the  result 
of  cither  mutations,  i.e.,  changes  in  the  hereditary  material,  or  to  rcassort- 
ment  of  the  hereditary  material  already  present. 

The  mutation  theory  of  Dc  Vries  is  referred  to  in  Sec.  4  of  this  chapter. 
As  stated  there,  the  plants  with  which  De  Vries  worked  arc  believed  to 
have  been  hybrids  and  the  “new  species”  which  he  described  to  have 
been  the  result  of  the  reassortment  of  hereditary  characters  already 
present  in  the  parents  rather  than  of  mutations.  Nevertheless,  mutations 
now  are  believed  to  provide  the  main  source  of  the  hcrcditar>^  difTcrenccs 
between  species.  Although  it  is  probable  that  the  mutations  serving  to 
difTercntiatc  species  may  be  of  any  of  the  types  described  in  Chap.  38, 
it  seems  likely  that  gene-mutations  play  the  chief  role. 

In  considering  whether  mutations  can  or  cannot  provide  the  raw 
material  for  natural  selection  certain  questions  arise: 

1.  Can  the  differences  actually  observed  between  the  individuals 
of  different  species  be  shown  to  be  due  to  mutations?  Obviously  it  is 
not  possible,  by  present  methods,  to  make  this  determination  in  all  or 
even  a  large  proportion  of  the  known  species;  if  for  no  other  reason, 
because  most  species  will  not  interbreed  or  if  they  do  interbreed  produce 
sterile  hybrids.  However,  in  some  cases  it  has  been  possible  to  show  that 
certain  of  the  differences  between  species  depend  on  hereditary  charac¬ 
ters  which  obey  Mendel’s  laws  and  therefore  are  regarded  as  mutations. 
An  example  is  found  in  two  species  of  the  primrose  genus.  The  flower  of 
the  Caucasian  primrose.  Primula  Juliae^  has  a  purple  pigment  in  its  sap 
and  no  pigment  in  its  plastids,  while  another  species.  Primula  acaulis^ 
differs  from  it  in  having,  among  other  characters,  a  yellow  pigment  in  its 
plastids  and  no  pigment  in  its  sap.  When  the  two  species  are  crossed  the 
hybrid  has  both  pigments.  When  the  hybrid,  which  is  fertile  but  not  so  fer¬ 
tile  as  either  of  the  parent  species,  is  backcrossed  to  Primula  acaulis,  approxi¬ 
mately  equal  numbers  of  plants  with  and  without  the  purple  pigment  in 
the  sap  are  obtained,  showing  that  in  this  case  the  purple  pigment  be¬ 
haves  as  a  simple  dominant.  When  the  hybrid  is  selfed,  i.e.,  fertilized 
with  its  own  pollen,  approximately  one  in  sixteen  of  the  offspring  are 
without  either  pigment  which  is  what  would  be  expected  if  the  yellow 
pigment  in  the  plastids  also  behaves  as  a  simple  dominant.  Probably  only 
in  rare  instances  is  the  inheritance  of  the  characters  which  separate 
species  as  simple  as  in  the  case  indicated.  More  usually,  it  would  seem. 
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the  characters  are  due  to  one  or  more  series  of  multiple  factors.  This  has 
been  found  to  be  true  of  the  characters  which  serve  to  distinguish  the 
wild  species  of  the  deer  mouse,  Feromyscus, 

2.  Are  mutations  ever  advantageous  to  the  individual  and  there¬ 
fore  possible  steps  in  evolution?  In  many  cases  it  is  not  possible  to 
determine  from  observation  alone  whether  a  given  character  is  advan¬ 
tageous,  indifferent  so  far  as  the  life  and  reproduction  of  the  individual, 
or  disadvantageous.  It  may  safely  be  said  that  most  of  the  mutations 
discovered  in  breeding  experiments  are  obviously  disadvantageous  to 
the  individual  under  its  normal  mode  of  life.  This  is  well  shown  in  the 
mutations  discovered  in  Drosophila.  Nevertheless,  a  few  mutations  are 
known  to  be  advantageous.  An  example  is  found  in  a  race  of  vermilion¬ 
eyed  Drosophila  which  was  able  to  establish  itself  in  considerable  numbers 
in  the  wild  state  in  competition  with  wild  type  Drosophila.  Another  ex¬ 
ample  is  the  mutation  from  single-brooded,  i.e.,  giving  one  brood  in  a 
year,  to  double-brooded  in  silkworms.  Again  the  matter  is  probably 
seldom  so  simple  as  it  appears  in  the  above  examples.  A  mutation  may 
be  advantageous  in  one  environment  and  disadvantageous  in  another. 
Two  mutations  each  disadvantageous  when  alone  may,  when  combined, 
produce  a  type  showing  advantages  over  the  wild  type.  For  example, 
the  size  of  the  teeth  and  the  size  of  the  jaws  seem  to  be  determined  by  dif¬ 
ferent  genes.  Large  teeth  when  inherited  with  small  jaws  may  become 
crowded  and  displaced  and  thus  prove  a  disadvantage.  Small  teeth  in 
large  jaws  arc  also  a  disadvantage.  However,  if  large  teeth  and  large 
jaws  arc  inherited  together  the  result  may  be  advantageous. 

3.  Is  there  a  tendency  for  mutations  to  occur  in  certain  definite 
directions  or  along  certain  lines  and  thus  to  determine  the  course  of 
evolution?  This  would  mean  that  there  was  something  in  the  nature  of 
the  gene  or  in  the  process  of  mutation  which  limited  changes  in  the  gene 
to  those  in  certain  directions  only.  If  this  were  to  have  a  direct  bearing 
on  evolution  the  limitations  would  have  to  be  such  that  successive  muta¬ 
tions  occurred  in  such  a  way  as  to  build  up  new  species  of  a  certain  type, 
lliis  would  give  support  to  the  theory  of  orthogenesis  referred  to  in  a 
previous  section.  Although  it  seems  that  individual  genes  are  limited  to 
but  a  f(‘w  changes  these  changes  do  not  seem  to  occur  in  general  in  any 
particular  din'ction  nor  in  general  to  follow  each  other  in  any  particular 
order  although  the  rate  of  mutation  is  different  for  different  mutations. 
Nor  as  alnvady  indicated  in  the  previous  section,  is  there  any  evidence 
that  mutations  tend  to  take  the  form  of  adaptations  to  the  environment 
ratluT  than  th(‘  revia'se. 
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D.  SELECTION 

Artificial  selection  as  practiced  for  centuries  by  breeders  of  plants 
and  animals  must  be  distinguished  from  natural  selection,  a  term  used 
by  Darwin  for  a  process  which  he  believed  to  be  operative  in  the  forma¬ 
tion  of  new  species  in  the  wild  state.  In  artificial  selection  in  most  cases 
the  number  of  individuals  dealt  with  is  necessarily  very  small  compared 
with  the  number  in  a  species  in  the  wild  state.  Also  the  period  of  time 
during  which  selection  has  been  practiced  even  in  the  case  of  the  oldest 
domesticated  animals  or  plants  (five  or  six  thousand  years)  is  extremely 
short  when  compared  with  the  geological  time  available  (perhaps  a 
million  or  more  years)  for  the  evolution  of  a  new  species  in  nature. 
Further,  selection  as  practiced  by  man  has  had  for  its  purpose  the  pro¬ 
duction  of  types  which  either  appealed  to  his  particular  fancy  or  were 
useful  to  him.  Thus  the  characters  which  have  been  selected  were  not 
necessarily  such  as  would  prove  advantageous  to  the  species  in  a  wild 
state.  This  has  obviously  happened  in  the  case  of  certain  breeds  of  dogs. 
It  is  therefore  not  possible  to  apply  directly  the  results  or  conclusions 
from  artificial  selection  in  breeding  practice  or  experiments  to  a  dis¬ 
cussion  of  natural  selection. 

Some  direct  observations  have  been  made  which  seem  to  show  that 
natural  selection  occurs.  The  subject  of  one  such  set  of  obser\'ations  was 
a  common  species  of  crab,  Carcinus  maenas.  On  a  certain  shore  in  England 
where  this  crab  is  abundant  a  breakwater  was  constructed  which  led 
to  an  increase  in  the  silt  in  the  water.  Measurement  of  the  carapace  of 
crabs  caught  during  a  period  of  years  after  the  building  of  the  break¬ 
water  showed  that  the  width  of  the  carapace  decreased  relatively  to  the 
length  of  the  body.  Crabs  were  also  placed  in  aquaria  containing  silty 
water  and  it  was  found  that  the  individuals  which  surv'ived  had  rela¬ 
tively  narrower  carapaces  than  those  which  died.  Presumably  the  nar¬ 
rower  carapace  was  correlated  with  smaller  openings  to  the  gill  chambers 
and  this  in  turn  reduced  the  amount  of  silt  reaching  the  gills. 

A  number  of  observations  on  difTerent  species  have  shown  that  in¬ 
dividuals  with  certain  characteristics  tend  to  outlive  other  individuals 
lacking  these  characteristics  or  having  them  in  a  greater  or  lesser  degree, 
but  in  most  ca.ses  it  has  not  been  possible  to  show  how  the  particular 
characters  aid  or  oppose  the  survival  of  the  individual.  However,  as  will 
be  shown  later,  the  possession  of  a  very  slight  advantage  or  disadvantage 
by  certain  members  of  a  group  of  organisms  may,  in  a  long  time,  have  a 
great  eflect  on  the  proportion  of  such  individuals  in  the  group.  Further 
it  seems  probable  that  natural  .selection  may  occur  as  a  result  of  the 
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sclrctiou  of  just  such  slight  advantages  or  tlie  rejection  of  slight  dis¬ 
advantages. 

Two  special  cases  of  natural  selection  were  emphasized  by  Darwin 
and  have  been  emphasized  by  some  of  his  succ('ssors.  dliey  are  sexual 
selection,  and  })rotective  resemblance  including  mimicry.  Sexual  selcc- 


Fig.  43:1  A  fresh-water  fish,  Monocirrhus  polyacanthus ^  which  seems  to  imitate  a  leaf. 
From  a  photograph  taken  by  E.  G.  Boulenger,  copyright  by  the  Zoological  Society, 
Regent  Park,  London,  England. 

tion  has  been  brought  forward  as  an  explanation  of  the  presence  of 
highly  colored  or  otherwise  ornate  males  in  certain  species  especially  of 
birds,  tropical  fishes,  and  butterflies.  In  these  species  there  is  internal 
fertilization,  and  it  is  claimed  that  the  females  in  choosing  their  mates 
are  influenced  by  certain  characters  which  thus  become  incorporated  in 
the  species.  While  this  is  probably  the  case  where  there  is  a  definite 
courtship  routine  in  which  the  ornamentation  is  displayed  to  the  female, 
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doubt  has  been  cast  on  tliose  cases  in  which  individual  animals,  as  in 
the  case  in  many  species  of  birds,  claim  a  particular  territory  for  their 
feeding  operations.  In  many  of  these  latter  cases  the  ornamentation 
has  been  shown  to  serve  as  a  threat  to  other  individuals  of  the  species 
attempting  to  invade  another’s  territory-. 

Protective  coloration  and  other  forms  of  resemblance  to  the  back¬ 
ground  (Fig.  43:1)  arc  common  in  nearly  all  groups  of  animals  and  may 
possibly  occur  in  plants.  It  is  easy  to  sec  the  advantage  of  this  to  animals 
which  are  preyed  u{X)n  by  other  animals.  Those  individuals  which  arc 
most  difficult  to  recognize  will  survive.  Undoubtedly  this  offers  an  ex¬ 
planation  of  some  cases  of  resemblance. 

Mimicry  is  well  seen  in  certain  sjxxies  of  insects  where  a  harmless 
species  may  resemble  superficially  a  species  which  is  harmful,  because 
of  its  sting,  nasty  taste,  or  other  characters.  I'he  harmless  species  is  un¬ 
molested  Ix'cause  of  its  resemblance  to  the  harmful  species,  and  it  is 
easy  to  see  how'  the  characters  which  bring  alxiut  the  resemblance  could 
be  the  subject  of  selection.  While  this  may  l)c  true  in  many  cases,  in 
other  cases  the  resemblance  lx*tween  the  two  species  may  hav'e  other 
causes  as,  for  example,  adaptation  to  similar  environments  (conver¬ 
gence). 

The  role  which  sexual  selection  and  protective  resemblance  have 
played  or  now  are  playing  in  the  process  of  evolution  can  easily  lx*  ov  er¬ 
emphasized.  I'hey  arc  at  most  minor  causes  of  special  adaptations. 

E.  THE  STATISTICAL  STUDY  OF  MUTATION  AND  SELECTION 

So  far  the  discussion  of  the  mechanism  of  mutation  has  been  entirely 
qualitative.  It  is  obvious  that  to  be  convincing  such  a  discussion  must 
be  quantitative.  For  this  we  turn  to  statistics. 

(1)  ALLELOMORPHIC  GENES  IN  A  POPULATION,  HARDY’S  LAW 

Let  us  suppose  that  two  allelomorphic  genes,  indicated  by  A  and  a, 
are  present  in  the  individuals  of  a  given  population.  Their  existence  w  ill 
lead  to  the  presence  in  the  population  of  three  different  genotypes,  AA, 
Aa,  aa.  The  statistical  problem  is  to  determine  if  the  proportion  in  which 
these  different  genotypes  occur  changes  from  generation  to  generation 
in  the  absence  of  selection  and  if  so  how.  We  will  assume  that  the  genes 
are  not  sex-linked  so  that  any  gamete  may  contain  either  an  A  gene  or 
an  a  gene. 

In  place  of  considering  the  separate  individuals  of  the  population  vve 
will  consider  the  gametes  which  produce  and  take  part  in  the  forma- 
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tion  of  the  next  generation.  From  a  genetic  point  of  view  there  will  be 
two  kinds  of  gametes;  one  kind  will  contain  the  gene  A,  the  other  kind 
will  contain  the  gene  a. 

Let  the  number  of  gametes  which  contain  the  A  gene  be  x  and  the 
number  of  gametes  which  contain  the  a  gene  hey.  Then  the  total  number 
of  gametes  produced  by  the  population  will  be  x  y,  and  the  proportion 

or  fraction  of  this  total  number  which  contain  the  A  gene  will  be  — r — 

X  -\-y 

and  the  proportion  or  fraction  which  contain  the  a  gene  will  be  — =t — • 

X  -\-y 


Female  Gametes 


A 


a 

1  -  q 


<  ^ 


AA 

Aa 

-/(i  -  ?) 

Aa 

aa 

7(  1  -  7) 

(1  -  # 

Fi^.  i'\:2  I’l.ii'i.im  to  sliow  (lie  proportion  in  which  tlic  chflcrcnt  typos  of  zygotes  are 
formrd  in  .1  popni.ition  in  whi(  h  the  nlleloinorpliie  genes,  A  and  a,  occui  in  the  piopor- 
tit>n  Am  as  7:  1  7.  I  hr  sides  of  the  re<  tangles  represent  tlie  proportions  in  which  the 

gainrtrs  (»« rnr.  I  hr  arras  of  thr  rrrtangles  rrprrsent  tlie  jn'oportions  in  which  the  zygotes 
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It  will  simplify  the  calculations  if  we  put  ^  ^  proportion  of  the 


gametes  which  contain  the  A  gene  equal  to  q.  Then  the  quantity 

jV _ -v  4-  7  -  -v  _  y 


\  -q  =  \  - 


the 


propor- 


-v  -f-  y  .V  -{-y  X  -{-y 

tion  of  the  gametes  which  contain  the  a  gene.  Thus  the  proportion  in 
which  the  two  kinds  of  gametes  occur  is  A  :  a  as  :  1  —  where  q  and 
1  —  q  are  both  fractions  and  less  than  one  (Table  43:1). 

We  may  now  apply  to  the  total  population  the  same  kind  of  reasoning 
applied  to  the  simple  or  monohybrid  cross  in  the  chapter  on  heredity 
(Chapter  36,  Section  4,  A).  The  female  gametes  are  A  and  a  and  they 
are  in  the  proportion  A  :  a  as  ^  :  1  —  q-  Also  the  male  gametes  are  A  and 
a  and  they  are  in  the  same  proportion  (Fig.  43:2).  Any  male  A  gamete 
may  fertilize  any  female  gamete.  When  this  occurs  the  zygotes  will  be  in 
the  proportion  A  A  :  Aa  as  :  </(!  —  q).  Any  male  a  gamete  may  fertilize 
any  female  gamete  producing  Aa  and  aa  zygotes  in  the  proportion 
Aa  :  aa  as  <7(1  —  ^)  :  (1  —  <7)(1  —  q).  Hence  the  three  kinds  of  zygotes 
produced  in  the  I'l  generation  are  produced  in  the  proportion 

AA  :  Aa  :  aa  as  q-  :  2<7(1  —  <7)  :  (1  —  <7)“ 


Since  the  AA  zygotes  produce  only  A  gametes  and  the  Aa  zygotes 
produce  equal  numbers  of  A  and  a  gametes,  the  Fi  zygotes  produce  A 
gametes  in  the  proportion  q-  q{\  —  q).  By  similar  reasoning  the  pro¬ 
portion  of  a  gametes  produced  by  the  Fi  zygotes  is  ^(1  —  ^)  -f  (1  —  qY. 
Hence  when  these  Fi  zygotes  produce  gametes  the  gametes  are  in  the 
proportion 


A  :  a  as  q 

which  reduces  to  A  :  a 


^  +  <7(1  -  q)  ■■  q{\  -  ^)  +  (1  -  qY 
q  :  \  -  q 


as 


which  is  exactly  the  same  proportion  as  that  in  which  they  were  produced 
by  the  previous  generation.  It  therefore  follows  that  when  the  Fi  zygotes 
produce  an  F2  generation  the  three  types  of  individuals,  AA,  Aa,  and  aa 
will  be  in  the  same  proportions  as  they  were  in  the  Fi  generation  pro¬ 
vided  there  is  no  factor,  such  as  mutation  or  selection,  or  both  acting 
to  change  the  proportion  of  functional  gametes  in  each  generation. 

So  far  in  the  discussion  we  have  considered  only  one  generation  at  a 
time.  A  natural  population  may  consist  at  any  one  time  of  several  gen¬ 
erations.  However,  it  is  clear  that,  under  the  conditions  specified,  if  the 
proportions  remain  constant  from  generation  to  generation  they  will  be 
the  same  in  each  generation  existing  in  the  population  and  therefore  in 
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TABLE  43:1.  THE  PROPORTION  IN  WHICH  GENOTYPES  OCCUR  IN  THE 
SUCCEEDING  GENERATIONS  OF  A  POPULATION  IN  THE  ABSENCE  OF 
SELECTION  AND  MUTATION 


Gametes  in 
population 

Proportions 
in  population 


Zygotes  (Fi) 
in  population 


a  X  A 


(1  -q) 


AA 


Proportions 
which  reduces  to 


Gametes 

produced  by  Fi 

Proportions 

which  reduces  to 


q^  :  q{\-q)  +  q{\  -  q)  :  (1-^)2 

q^  :  2q{\  -  q)  :  (1  -  qY 


All  One  half  One  half  All 


7^  4-  7(1  -  q) 

q-^-\-  q  -  q^ 


7(1  -  7)  4-  (1  ""  7)^ 
(1  -  q){q  4-1-7) 


or 


7 


(1  -  7) 


the  population  as  a  wliolc  (I'ablc  43:1).  Hence  it  may  be  said  that  in 
the  absence  of  mutation  and  selection  the  generic  composition  of  a 
population  remains  the  same.  This  is  referred  to  as  Hardy’s  Law. 


(2)  MUTATIONS  IN  A  POPULATION 

d'he  fn'CjiKUK'y  of  the  occurrence  of  a  particular  gene  or  other  heredi¬ 
tary  factor  may  be  (  hanged  by  mutation.  This  is  represented  by  a  change 
in  the  value  of  q  us(‘d  in  the  previous  section.  Assume,  for  example, 
that  the  mutation  is  from  A  to  a,  and  out  of  every  1,000,000  A  genes  one 

mutat('s  to  an  a  g(‘ne.  d  he  mutation  rate  would  be  =  .000001.  In 

the  general  case  lh(‘  mutation  rate  may  be  indicated  by  U.  The  frequency 
of  I  he  A  gene  will  th(‘n  change  from  to  (1  —  U)q  in  each  generation. 
If  there  is  no  mutation  in  the  ix' verse  direction,  i.c.,  from  a  to  A,  the 
A  gen(‘  will  eventually  1)(‘  lost  and  the  population  will  come  to  be 
homozygous.  Usually,  how('ver,  mutation  occurs  also  in  the  reverse 
direcliou.  Assume  that  ihe  rate  of  this  reverse  mutation,  i.c.,  a  to  A,  is  F. 
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Then  the  change  in  frequency  of  the  A  gene  due  to  this  mutation  will  be 
-f  F(1  —  q).  I  he  change  due  to  the  direct  mutation,  A  to  a,  is  —  Uq. 
Hence  the  total  change  in  the  frequency  of  the  A  gene  due  to  direct  and 
reverse  mutation  is  —  Uq  +  T(1  ~  q)-  If  this  quantity  is  equal  to  zero 
the  two  mutations,  direct  and  reverse,  acting  together  will  produce  no 
total  change  in  the  population.  That  is  when 

-  Uq  +  r(i  -  7)  =  0 
or  -  \^q  +  r  =  0 

V 

or  when  q  =  p 

Suppose  for  example,  U  =  .000001  or  10~®  and  I'  =  .0000005  or 
5  X  10“^,  then  the  j)opulation  will  be  in  equilibrium  when 

5  X  10-7  _  ^ 

^  “  10-‘  +  5  X  10-’  “  15  “  3 

or  when  J  arc  A  genes  and  5  arc  a  genes  or  when  the  genes  in  tlic 
population  arc  in  the  proportion  A  :  a  as  1  :  2.  Further  the  discussion  in 
the  previous  section  has  shown  that  once  the  genes  occur  in  this  propor¬ 
tion  their  pro|X)rtion  in  the  [XDpulation  will  remain  unchanged  and  the 
mutations  will  have  no  further  effect,  provided  always  that  the  mutation 
rates  do  not  change  and  that  there  is  no  selection  of  individuals  of  one 
genotype  in  preference  to  those  of  another. 

Except  in  a  few  special  cases  and  under  special  conditions  not  usually 
found  in  nature  the  rate  of  mutation  is  exceedingly  slow,  of  the  order  of 
10“^  to  10“®,  and  not  ver\’  diO'erent  in  dilTcrcnt  organisms.  In  corn,  an 
angiosperm  plant.  Drosophila,  an  insect,  and  in  man  and  other  mammals 
most  mutations  seem  to  occur  in  approximately  the  same  order  of  fre¬ 
quency  although  some  difTerences  do  occur. 

Thus  when  a  mutation  is  indifTcrent  to  the  species ,  i.e.,  neither 
advantageous  nor  disadvantageous  to  the  individual,  it  tends  to  accumu¬ 
late  in  the  population  until  a  certain  frequency  is  reached,  after  which 
the  frequency  in  which  it  occurs  remains  constant.  In  this  way,  provided 
conditions  are  such  as  to  keep  them  indifferent,  numerous  mutations 
may  remain  in  a  population  waiting,  as  it  were,  the  time  when  condi¬ 
tions  may  make  them  advantageous  or  disadvantageous.  When  this 
time  occurs  selection  begins  to  operate. 

(3)  SELECTION  IN  A  POPULATION 

When  selection  operates  in  a  population  the  statistical  problem  is 
complicated  by  the  fact  that  interest  is  usually  centered  in  the  zygote 
rather  than  the  gametes  and  in  the  phenotypes  rather  than  the  geno- 
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types  since  it  is  primarily  on  the  phenotypes  that  selection  acts.  It  will  be 
simpler  to  consider  first  the  case  of  genic  selection  where  there  is  a 
difference  in  the  survival  between  two  allelomorphic  genes.  Assume 
that  the  allelomorphs  A  and  a  tend  to  survive  in  each  generation  in  the 
ratio  1:1  —  where  called  the  selection  coefficient,  is  a  measure 
of  the  selection,  being  positive  and  less  than  1  when  A  survives  in  excess 
of  a  and  negative  when  a  survives  in  excess  of  A.  For  example,  if  for  every 
100  A-gametes,  only  99  a-gametes  survive,  S  will  be  equal  to  0.01. 
Assume  now  a  population  in  which  the  A  and  a  genes  occur  in  the 
proportion  q  \  \  —  q.  When  reproduction  occurs  the  surviving  gametes 
may  be  represented  by  q  and  (1  —  iS')(l  —  ^).  For  comparison  the  quan¬ 
tities  in  this  proportion  may  be  divided  by  the  total  number  of  gametes 
^  4-  (1  —  6')(1  —  q)  =  \  —  6’(1  —  q).  It  is  then  evident  that  the  new 
proportion  in  which  the  surviving  gametes  occur  is 

A  ?  .  (1  -  ^)(1  -  q) 

A  .  a  as  J  J 

The  change  in  the  frequency  of  the  gene  A  in  one  generation  is  therefore 

q  q  Sq{\  -  q) 

from  q  to  1  _  ,y(i  _  or  j  _  ^(i  _  ?  or  ^ 

When  the  selection  cocfTicient,  is  small  the  quantity  1  —  tS'(l  —  q)  in 
the  denominator  may  be  taken  as  equal  to  1,  in  which  case 

*^ocomes  —  q) 

or  the  change  in  the  frequency  of  the  gene  A  per  generation  is  equal  to 
the  selection  cocfTicient  X  frec[uency  of  gene  A  X  frequency  of  gene  a. 

The  discussion  may  1)C  extended  to  include  selection  of  zygotes.  The 
three  zygotes  may  Ijc  assumed  to  reproduce  in  the  ratio 

AA  :  Aa  :  aa 

1  :  (1  -  hS')  :  (1  -  S') 

wliere  S'  is  a  selection  coefficient  representing  the  selection  of  the  aa 
zygote,  and  hS'  repre.sents  the  survival  of  the  Aa  zygote.  Without  going 
into  the  inatlu'inatics  involved  in  this  case,  it  may  be  stated  that  under 
zygotic  selection  the  rate  of  increase  of  the  frequency  of  the  gene  A  is 
S'q{\  —  i7)[l  —  <7  +  /'(2i7  —  1)1 

In  the  special  case  where  A  is  eom|)letcly  dominant  and  the  survival  of 
the  hi-terozygote  Aa  is  eipial  to  that  of  the  homozygote  AA,  hS'  =  0  and 
therefore  h  -  0  in  the  formula  above  and  the  rate  of  increase  of  q  the 
IVe(|nency  of  the  A  gene  becomes 

-  q)'^- 
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When  ^  is  a  small  quantity  1  —  (7  =  1  approximately  and  the  formula 
becomes  S'q,  or  when  q  is  small,  rate  of  increase  of  q  is  equal  to  selection 
coefficient  of  aa  zygotes  X  frequency  of  AA  zygotes. 

Suppose,  for  example,  that  we  are  dealing  with  a  completely  dominant 
gene,  and  that  S'  =  0.001  or  10~^  and  that  q  =  0.000001  or  10~®.  Then 
in  the  next  generation  the  increase  in  q  is  S'q  or  10“^  X  10“'’’  or  10”®, 
which  means  that  in  this  one  generation  q  increases  from  0.000001  to 
0.000001001.  Thus  it  would  take  approximately  1000  generations  (more 
exactly  1739)  for  q  to  incrca.se  from  0.000001  to  0.000002.  In  the  case 
of  a  recessive  gene  the  number  of  generations  required  to  produce  the 
same  increa.se  would  be  approximately  300,000  (more  exactly  321,444). 
However  as  the  value  of  q  is  increased  progress  becomes  more  rapid 
until  q  approaches  one  half  or  50  ])cr  cent  when  it  is  again  slow  as  shown 
in  the  following  table: 

TABLE  43:2.  NUMBER  OF  GENER.XTIO.NS  REQUIRED  TO  INCREASE  THE 
FREQUENCY  OF  A  DO.MINANT  GENE  BY  SELECTION  WHEN  THE  COEF¬ 
FICIENT  OF  ZYGOTIC  SELECTION  IS  0.001  ‘ 

Increase  of  frequency  of  dominant 

gene  in  per  cent  of  p>opulation  0.001  to  1%  1  to  50%  50  to  99%  99  to  99.999% 

Generations  to  produce  increase  6,920  4,819  11,664  309,780 


F.  ISOLATION 

The  early  students  of  evolution  were  quick  to  discover  that  peculiar 
species  occurred  in  isolated  areas  and  to  conclude  that  isolation  was  a 
factor  in  the  development  of  new  species.  By  lessening  competition 
isolation  may  provide  an  opportunity  for  mutations  not  especially 
advantageous  to  survive.  It  would  appear  that  it  is  more  in  this  capacity 
that  isolation  acts.  Some  isolation  seems  to  be  of  assistance  in  the  develop¬ 
ment  of  new  species,  especially  in  their  incipiency.  It  is  said  that  evolu¬ 
tion  is  most  rapid  in  large  species  divided  into  partially  isolated  groups. 
The  isolation  favors  the  survival  of  diverse  mutations  which  through 
crosses  between  the  groups  may  become  available  to  the  entire  species. 

G.  THE  PRODUCTION  OF  NEW  SPECIES  BY  MUTATION  AND 
SELECTION 

We  are  now  in  a  position  to  consider  the  possible  origin  of  species 
from  the  combined  effects  of  mutation  and  selection.  The  statistical 

^  From  Dobzhansky,  T.,  Genetics  and  the  Origin  of  SpecieSy  Columbia  University  Press,  New 
York,  1937. 
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methods  outlined  in  the  previous  section  can  be  extended  to  cover  cases 
involving  a  combination  of  mutation  and  selection  but  their  develop¬ 
ment  would  lead  us  beyond  the  scope  of  this  text.  However,  some  of  the 
general  results  can  be  discussed. 

As  already  shown,  a  mutation  even  though  exceedingly  rare  may,  if 
neutral  and  not  opposed  by  a  more  frequent  or  equally  frequent  reverse 
mutation,  establish  itself  in  a  population.  Since  it  has  been  assumed  to 
be  neutral,  this  is  true  whether  the  mutation  is  dominant  or  recessive. 
Thus  in  any  population  there  may  be  accumulated  a  number  of  neutral 
mutations,  any  one  or  more  of  which  may  become  advantageous  or 
disadvantageous  depending  on  conditions. 

When  a  mutation  confers  an  advantage  on  the  individual,  selection 
becomes  operative.  As  shown,  even  a  slight  advantage,  given  time,  may 
lead  to  the  mutation  replacing  its  allelomorph  in  a  large  proportion  of 
the  population.  The  same  argument  applies  to  a  group  of  genes  when 
most  or  all  of  them  behave  as  a  unit,  i.e.,  genes  linked  in  the  same 
chromosome.  This  process  of  replacement  will  usually  be  very  slow  in 
the  beginning  but  becomes  more  rapid  as  the  mutation  becomes  estab¬ 
lished. 

I’hc  question  arises  whether  the  process  as  outlined  above,  although 
in  most  cases  exceedingly  slow,  nevertheless  can  produce  in  comparable 
times  changes  comparable  to  those  indicated  by  the  geological  record. 
The  best  information  available  on  the  rate  of  evolutionary  change  of 
genera  is  probably  that  obtained  from  the  study  of  the  various  genera 
and  sp(‘cics  of  horses  from  the  primitive  Eohippus  to  the  modern  Equus, 
outlined  in  a  previous  ehapter.  But  even  in  this  case  it  must  be  admitted 
that  any  attemi)t  at  a  determination  of  the  quantities  concerned  in¬ 
volves  many  untested  assumptions.  In  the  direct  line  from  Eohippus  to 
Equus  then,'  ja'obably  occurred  eight  successive  genera.  The  total  time 
involved  is  about  45,000,000  years.  During  this  time  there  must  have 
been  at  least  15,000,000  generations.  A  conservative  estimate  of  the 
number  of  l)r(‘(‘ding  individuals  in  the  inhabited  area  is  100,000.  Thus 
a  total  of  at  least  15,000,000,000,000  or  15  X  10'^  individuals  were 
actually  or  i)ol(Mitially  concerned  in  this  ancestry  of  Equus.  A  mutation 
rale  of  .000001  for  any  particular  gene  would  result  in  the  production 
of  1 ,500,000  mutHtions  of  that  particular  gene.  If  the  somewhat  plausible 
assumption  l)(‘  made  that  onc-fifth  of  these  mutations  were  advantageous, 
we  have  a  total  of  300,000  advantageous  mutations  which  may  become 
('stablished  by  natural  selection.  Many  of  these  mutations  will  be  identi¬ 
cal.  Assuuk'  that  on<'  in  every  thousand  gives  rise  to  an  evolutionary 
change',  'riu'n  we  airivc'  at  300  structural  steps  in  the  evolutionary  series 
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from  Eohippus  to  Equus.  Consider  for  example  that  we  are  dealing  with 
steps  in  the  evolution  of  the  Equus  tooth,  more  particularly  its  increase 
in  the  length  as  measured  along  its  lateral  face.  This  length  in  Eohippus 
is  on  the  average  about  8  millimeters  and  in  Equus  about  40  millimeters 
or  an  increase  of  about  32  millimeters.  If  this  increase  were  divided  into 
300  steps,  each  step  would  represent  an  increase  of  0.1  millimeter,  an 
amount  which  is  much  less  than  the  variations  found  in  specimens  of 
the  same  species. 

It  therefore  appears  mutations  causing  extremely  small  differences  in 
individuals  and  occurring  at  rates  such  as  those  observed  in  laboratory 
experiments  could  provide  material  for  evolution  at  a  rate  equal  to  or 
even  greater  than  that  which  occurred  in  the  evolution  of  the  horse. 

7.  SOME  GENERAL  CONSIDERATIONS 

It  should  be  emphasized  that  the  process  of  evolution  is  a  very  com¬ 
plicated  one,  infinitely  more  complicated  than  the  simplifications  neces¬ 
sitated  by  an  elementar>^  outline  would  indicate.  Not  only  is  the  origin 
of  each  species  usually  the  result  of  a  multitude  of  small  changes,  many 
times  reassorted  and  delicately  adjusted  to  the  organism  as  a  whole, 
but  the  origin  of  larger  divisions  must  be  proportionately  more  complex. 
Through  it  all  the  actual  changes  seem  to  occur  at  random,  and  only  by 
a  sort  of  trial  and  error  do  they  become  established.  Attempts  to  visualize 
the  process  in  a  so-called  tree  of  life  or  in  lines  of  descent  fail  to  give  a 
full  picture  and  are  often  misleading.  Rather  than  resembling  a  tree  the 
descent  and  modification  of  organisms  resembles  a  fine  irregular  net¬ 
work  spread  out  in  all  directions  and  showing  a  coarser  pattern  in  which 
separate  species,  genera,  and  higher  divisions  may  appear  and  disappear. 
Looked  at  in  a  cross  section  representing  an  instant  in  the  long  course 
of  geological  time  each  form  seems  fixed  and  permanently  arranged, 
but  seen  in  perspective  all  is  changing  and  no  form  remains  permanent. 

The  thoughtful  student  will  also  ask  whether  random  mutation,  and 
isolation  and  natural  selection  which  seem  sufficient  to  cause  species  to 
change  and  new  species  to  arise,  are  also  able  to  bring  about  those  major 
changes  which  have  produced  the  different  phyla  and  whether  any 
process  depending  on  random  mutations  could  have  built  up  organisms 
as  complicated  as  the  higher  plants  and  animals.  At  present  no  satisfac¬ 
tory  direct  answer  can  be  given.  That  long  eons  of  time  and  billions 
of  individuals  are  involved  is  not  in  itself  an  .  entirely  satisfactory 
answer. 
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Questions 

1 .  Explain  clearly  the  difference  between  a  proof  of  the  occurrence  of  evolution 
and  an  explanation  of  the  mechanism  of  evolution. 

2.  Why  is  Lamarck’s  theory  untenable? 

3.  State  the  postulates  and  conclusions  of  Darwin’s  theory  of  natural  selection. 

4.  Why  is  Darwin’s  theory  of  natural  selection  generally  accepted  today  as  a 
factor  in  the  production  of  new  species? 

5.  Discuss  De  Vries’s  mutation  theory. 

6.  Show  that  in  the  absence  of  mutation  and  selection  the  genetic  constitution 
of  a  population  remains  the  same. 
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CHAPTER  44 


Early  Aion 


1.  THE  ZOOLOGICAL  POSITION  OF  MAN 

The  detailed  description  of  the  human  body  and  its  comparison  with 
that  of  the  frog  must  have  already  convinced  the  student  that  man  has 
all  the  characteristics  of  an  animal  and  should  find  a  place  in  zoological 
classification.  Man  has  already  been  placed  among  the  placental  mam¬ 
mals  in  the  order  Primates.  The  discussion  of  his  more  exact  zoological 
position  has  been  postponed  to  this  chapter.  The  order  Primates  is  placed 
among  the  Eutheria  near  the  Carnivora  to  which  they  probably  show 
the  closest  relationship  rather  than  at  the  end  of  the  classification  be¬ 
cause,  except  for  the  cerebral  cortex,  the  Primates  are  a  relatively 

primitive  and  generalized  order.  An¬ 
atomical  specialization  in  mammals 
has  tended  to  affect  particularly  the 
limbs,  including  the  feet,  and  the  skull, 
including  the  teeth.  The  limbs  have 
been  modified  in  response  to  the  re¬ 
quirements  of  locomotion,  the  skull 
and  teeth  in  adaptation  to  feeding. 
The  limbs  and  teeth  of  primates  show 
primitive  characters.  Both  fore  and 
hind  limbs  have  five  digits  which  is 
the  primitive  number  found  in  amphibians  and  reptiles.  There  is  a  com¬ 
plete  set  of  fairly  numerous  teeth,  none  of  which  is  highly  specialized. 

The  order  Primates  is  divided  into  three  suborders :  the  Lemuroidea, 
the  Tarsoidea,  and  the  Anthropoidea.  The  suborder  Lemuroidea 
(Lem'u-roi'de-a,  L.  lemur,  a  ghost)  includes  the  lemurs  (Fig.  44:1), 
small  furry  arboreal  animals  with  long  tails,  in  appearance  somewhat 
intermediate  between  a  squirrel  and  a  monkey.  Lemurs  are  most  abun- 
882 


Fig.  44:1  Smith’s  dwarf  lemur 
{Microcebus  smithi,  suborder  Lemu¬ 
roidea).  After  Beddard,  from  New¬ 
man,  Vertebrate  Zoology,  The  Macmil¬ 
lan  Company. 
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dant  in  Madagascar  but  are  also  found 
in  tropical  Africa  and  some  of  the 
islands  of  the  East  Indies.  They  are 
nocturnal  animals  and  some  of  them 
have  a  curious  ghostlike  appearance. 

The  suborder  Anthropoidea  (An'- 
thro-poi'de-a,  Gr.  anthropos,  man  + 
eidos^  like)  includes  all  the  different 
kinds  of  monkeys  and  apes.  They  are 
more  highly  organized  than  the  lemurs. 

The  suborder  is  divided  into  two 
groups,  the  Platyrrhini  and  the  Catar- 
rhini.  The  Platyrrhini  (Plat'yr-^hi'ni,  Gr.  platus,  broad  +  m,  rims, 
nose)  are  the  New  World  monkeys  of  South  and  Central  America.  These 
monkeys  possess  flat  noses  with  the  nostrils  directed  forward,  long  pre¬ 
hensile  tails,  and  small  thumbs 
(Fig.  44:2).  Two  families  are  in¬ 
cluded  in  the  Platyrrhini :  the 
Cebidae,  which  include  the  capu¬ 
chin  monkeys  (commonly  seen  as¬ 
sociated  with  hand  organs)  and 
the  spider  monkey  (Fig.  44:2) 
and  the  Hapalidae,  which  include 
the  marmosets  (small  monkeys 
about  the  size  of  large  squirrels, 
frequently  kept  as  pets). 

The  Catarrhini  (Cat'ar-rhi-ni, 
Gr.  cata,  down  +  ris,  rims,  nose) 
are  the  Old  World  monkeys  and 
apes.  In  them  the  nose  is  curved 
and  the  nostrils  are  directed  down¬ 
ward.  The  tail  when  present  is  not 
prehensile,  and  the  thumb  is  well 
developed  and  opposable.  The 
Catarrhini  are  divided  into  three 
families:  the  Cercopithecidae, 

which  include  baboons,  mandrills, 
and  macaques ;  the  Simiidae, 
which  include  the  anthropoid 
apes;  and  the  Hominidae,  which 
include  man. 


Fijif.  44:3  4'1k*  dun-colorcd  gibbon  {Ilyloh- 

nlr\  rnlrlloiflrx^  suborder  Andiropoidea,  group 
( lat.irrliini,  family  Simidae)-  l'>'<)m  Mower 
and  Lydeeker,  Mammals  Ijj'inji’  and  Extinct, 
by  permission  ol  A.  and  (I.  Black. 


Fig.  44:2  Spider  monkey  (Ate/cs 
aler,  suborder  Anthropoidea,  group 
Platyrrhini,  family  Cebidae).  After 
Beddard,  from  Newman,  Vertebrate 
^oology,  The  Macmillan  Company. 
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In  the  Simiidae  (Si-mi 'i-dae,  L.  simia,  an  ape)  the  tail  is  absent  v 
and  the  arms  are  longer  than  the  legs.  The  gibbons  (Fig.  44:3)  are  the 
smallest  and  most  primitive.  I'he  arms  are  of  such  a  length  that  they 
reach  the  ground  when  the  animal  walks  upright,  which,  however,  hap¬ 
pens  only  occasionally  since  these  creatures  live  most  of  their  lives  in  ^ 


Fig.  44:4  The  orangutang  (Simia  or  Fig.  44:5  The  gorilla  (Gon7/a  sub- 

Pongo  satynis,  suborder  Anthropoidea,  order  Anthropoidea,  group  Catarrhini, 
group  Catarrhini,  family  Simiidae).  From  family  Simiidae).  From  Flower  and 
Flower  and  hydcckcVy  Mammals  Living  and  Lydecker,  Mammals  Living  and  Extinct^  by 
Extinct^  by  permission  of  and  C.  Black.  permission  of  A.  and  C.  Black. 

trees,  using  their  long  arms  to  swing  from  branch  to  branch.  They  are 
omnivorous  but  feed  chiefly  on  fruits.  The  orangutang  (Fig.  44:4)  is  a 
rather  heavily  built  stocky  ape  with  relatively  long  arms  like  the  gibbons. 
It  lives  in  trees  and  builds  a  crude  nest  by  arranging  broken  branches  in 
a  crotch.  When  walking  it  uses  its  forelimbs  and  places  its  knuckles  on 
the  ground.  Its  diet  consists  exclusively  of  fruits.  The  chimpanzee  and 
the  gorilla  are  man’s  nearest  relatives.  The  chimpanzee  (Fig.  26:15)  is  a 
tree  dweller  but  is  also  at  home  upon  the  ground,  while  the  gorilla 
(Fig.  44:5)  is  a  ground  dweller  and  takes  but  seldom  to  trees.  In  the 
chimpanzee  and  gorilla  the  arms  are  relatively  shorter  than  in  the 
gibbons  and  the  orang.  In  general,  the  first  named  is  less  specialized 
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for  an  arboreal  life.  The  brain  is  comparatively  well  developed  and  the 
animal  appears  to  show  the  beginnings  of  the  human  type  of  mentality. 

The  family  Hominidae  (Ho-min'i-dae,  L.  homo,  hominis,  man)  in¬ 
cludes  the  single  living  species,  Homo  sapiens  (L.  sapere,  to  know).  Man 
differs  anatomically  from  the  anthropoid  apes  chiefly  in  his  adaptations 

______  — ^Sagittal  crest 

Forehead  low  and  narrow  —  - 

—-Heavy  supraorbital  ridges - ,  _ 

-Orbits  far  apart  and  square — ^ 


Ear  —  —  -J 


Foramen 
magnum 
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magnum 
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^^Prognathous  jaws--^ 
Canine  teeth  large  and 
projecting 

No  chin  — — 


^  ^Sagittal  crest  greatly 
reduced  or  absent 
,-Forehead  high  and  broad 
^Supraorbital  ridges  usually 
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- Orbits  near  together  —  — - 
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and  prominent 

\  '''Retracted  jaws  ""  ^ 
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Small  lower  jaw 

Fig.  44:6  Diagrams  comparing  the  skull  of  a  gorilla  with  that  of  a  man. 


Cheek  bones 
smaller  and 
narrower 


to  life  on  the  ground  and  his  larger  brain.  Life  on  the  ground  in  this  case 
has  involved  the  adoption  of  the  erect  posture  and  walking  on  the  hind 
legs  only.  The  truly  erect  posture  has  brought  about  modifications  in 
the  head,  trunk,  and  limbs.  The  head  becomes  balanced  on  top  of  the 
nrek,  the  spine  curved,  the  hips  broadened  to  support  the  body  and  the 
foot  elongated  and  arched.  The  hands  have  replaced  the  jaws  in  defense 


TABLE  44:1.  A  CWMl’ARISON  OF  THE  STRUCTURAL  FEATURES  OF  THE 
ANTHKOI’OII)  APES  AND  MAN 

ANT..K, A...«  (KAMM.v  simhdae)  MAN  (Homo  sapiens)  (familv  hominidae) 


Clranial  rapacity  under  600  ru  cm 
Jaws  large  and  project  forward 


Cranial  capacity  average,  1400-1500  cu  cm 

Jaws  smaller  than  in  apes  and  not  projecting,  making 

face  nearly  vertical 


No  chin 

S[)inal  column  in  a  single  arch 

Arms  longer  than  legs 

Hig  toe  can  oppose  other  digits 


Chin 

Spinal  column  has  four  distinct  curves 
Legs  longer  than  arms 
Big  toe  not  opposable 


886 


EARLY  MAN  Ch.  44 


and  offense.  By  most  authorities  all  of  the  different  living  races  of  men 
are  regarded  as  belonging  to  one  and  the  same  species.  As  we  shall  see 
later  there  previously  existed  other  species  of  the  genus  Homo  and  other 
genera  of  the  family  Hominidae. 


Fig.  44:7  The  relationships  of  the  primates.  The  lines  suggest  possible  relationships. 
The  figures  are  not  drawn  to  scale.  From  Hegner,  College  Z'^olog)\  The  Macmillan  Com¬ 
pany. 


The  classification  of  man  discussed  in  the  text  is  shown  below: 

Phylum  Chordata 

Subphylum  Vertebrata 
Class  Mammalia 

Subclass  Eutheria 
Order  Primates 

Suborder  Anthropoidea 
Group  Catarrhini 

Family  Flominidae 
Genus  Homo 

Species  sapiens 

In  Table  44:1  and  Fig.  44:6  the  structural  characteristics  of  the  an¬ 
thropoid  apes  are  compared  with  those  of  the  living  species  of  man. 


Arf.  2  FOSSIL  PRIMATES 
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There  is  little  doubt  that  man  and  the  anthropoid  apes  had  a  common 
ancestor,  although  there  is  considerable  difference  in  opinion  as  to  how 
far  back  in  the  genealogical  tree  of  the  primates  that  ancestor  is  to  be 
sought  (Fig.  44:7).  One  theory  (1)  regards  the  family  Hominidae  as  closely 
related  to  the  anthropoid  apes ;  a  second  (2)  developed  by  Darwin  and 
Haecker,  considers  them  to  be  descended  from  the  catarrhine  or  long- 
nosed  monkeys ;  a  third  (3)  relates  them  to  the  more  primitive  platyrrhine 
or  flat-nosed  monkeys ;  and  a  fourth  (4)  would  make  their  nearest  rela¬ 
tives  the  lemurs,  most  primitive  of  living  Primates. 

Various  parts  of  the  world  have  been  given  by  different  authorities 
the  distinction  of  being  the  “cradle  of  the  human  race,”  but  there  seems 
little  doubt  that  it  must  be  sought  in  the  Old  World  and  most  probably 
in  some  part  of  southern  Asia  or  perhaps  Mongolia.  From  some  such 
center  occurred  the  adaptive  radiation  of  the  primitive  members  of  the 
family  Hominidae  to  the  “ends  of  the  earth.”  The  evidence  seems  to 
show  that  this  adaptive  radiation  was  already  far  advanced  before  the 
earliest  records  of  human  existence  at  present  known  were  deposited  in 
the  rocks.  As  we  shall  see  in  a  later  section  the  earliest  evidences  of  man 
are  widely  scattered  over  the  Old  World. 

2.  FOSSIL  PRIMATES 

Unfortunately  for  the  study  of  the  origin  of  man  the  fossil  record  of  the 
Primates  is  a  meager  one.  This  is  not  surprising  when  one  considers  that 
the  existing  Primates,  and  undoubtedly  also  those  of  the  past,  lived  in 
forests  and  rocky  country  under  conditions  which  were  particularly  un¬ 
favorable  to  the  preservation  of  fossils.  Although  the  human  family 
undoubtedly  arose  in  the  Old  World  and  did  not  reach  the  New  World 
until  comparatively  late  in  its  history,  the  Primates  as  a  group  probably 
arose  on  the  American  continent,  since  the  earliest  known  fossil  primates 
occur  in  the  Lower  Eocene  of  western  North  America.  The  Middle 
Eocene  of  the  United  States  shows  a  great  increase  in  the  numbers  and 
diflerentiation  of  these  early  primates  and  apparently  at  about  this  time 
primaK's  migrated  from  North  to  South  America  and  from  the  New  to 
the  01(1  World,  since  their  fossils  arc  absent  from  the  later  deposits  in 
th(‘  United  State's  and  first  appear  in  Middle  Eocene  deposits  in  France 
and  Swit/c'i'land. 

I’rotn  iMiropc  tlir  primates  moved  into  Asia  and  Africa  in  the  Late 
IvHcne  or  Ivirly  OliROCcne  and  began  to  differentiate  into  the  various 
groups  of  Old  World  monkeys  and  apes.  A  country  to  the  west  of 
uoi  ih.  rn  Lgy|)l,  known  as  Fayum,  now  a  barren  dc.sert,  has  been  a  fertile 
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source 

related 


of  primate  fossils.  Three  species  of  monkeys,  probably  closely 
to  the  ancestors  of  the  anthropoid  apes,  have  been  found  there 

in  Oligocene  deposits.  Miocene  deposits  in 
the  south  of  France,  Germany,  Greece, 
and  northern  India  have  yielded  various 
species  of  fossil  monkeys,  some  of  which 
arc  classified  as  anthropoid  apes  and  are 
believed  by  some  authorities  to  be  closely 
related  to  the  line  of  human  descent.  One 
of  these,  Australopthecus,  from  South  Africa 
and  probably  to  be  assigned  to  the  Pleis¬ 
tocene,  is  known  by  an  almost  complete 
skull  of  a  young  individual.  The  skull  is 
that  of  a  higher  anthropoid  and  al¬ 
though  the  individual  was  too  young 
to  show  adult  characters  these  probably 
included  a  higher  forehead,  a  shorter 
face,  and  more  human  teeth  than  either 
the  chimpanzee  or  the  gorilla  (Fig. 
44:10). 


Third  Glacial  Stage 


3.  THE  GEOLOGICAL 
AAAN 


HISTORY  OF 


A.  THE  NATURE  OF  THE  RECORD 

Prehistoric  man  has  left  an  extensive 
and  interesting  record.  This  record  consists 
not  only  of  his  bones  and  in  many  cases 
complete  skeletons,  but  also  of  many  of 
the  things  he  used  and  worked  upon  in 
his  daily  life.  The  term  “fossil”  is  usually 
applied  only  to  prehistoric  remains,  and 
would  not  be  applied  for  example  to  the 
petrified  bodies  of  men  and  animals 
buried  in  the  Roman  city  of  Pompeii  at 
the  time  of  the  famous  eruption  of 
Vesuvius  (a.d.  79). 

As  already  described  in  Chap.  40,  The  History  of  Life  on  the  Earth, 
the  Pleistocene  consisted  of  four  ice  ages  or  glacial  stages  separated  by 
three  interglacial  stages.  Much  of  our  knowledge  of  Pleistocene  man  has 
been  obtained  from  European  deposits  and  the  dating  of  these  deposits 


Fig.  44:8  Europe  during  the  sec¬ 
ond,  third,  and  fourth  glacial 
stages.  Dotted  areas  represent  por¬ 
tion  under  ice  cap.  After  H.  F.  Os¬ 
born,  Men  of  the  Old  Stone  Age,  by 
permission  of  Charles  Scribner’s 
Sons. 


Fig.  44:9  Restoration  of  Western  Europe  during  the  third  Interglacial  stage,  showing 
the  aiK  lent  land  an'as  (dotteri)  and  the  ancient  river  channels.  The  white  crosses  indicate 
F'.olithie  regions.  I'roin  11.  !•'.  Osborn,  Mcti  of  the  Old  Stone  Age,  after  Averbury’s  Prehistoric 
7  irnes,  by  |)erinission  (jf  Charles  Scribner’s  Sons. 
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depends  upon  the  careful  study  of  the  movements  of  the  great  glaciers 
which  covered  the  northern  half  of  that  continent  during  the  four 
glacial  stages  (Table  44:2).  The  limits  to  which  the  ice  cap  extended  in 
the  last  three  glacial  stages  are  shown  in  the  maps  (Fig.  44:8).  The  e.x- 
tent  to  which  the  ice  cap  extended  in  the  first  glacial  stage  was  consider¬ 
ably  less  than  that  to  which  it  extended  during  the  second  stage.  The 
geography  of  western  Europe  during  the  Pleistocene  was  very  different 
from  what  it  is  now  (Fig.  44:9).  The  British  Isles  were  connected  with 
Europe  and  Iceland  by  a  great  land  mass  and  what  is  now  the  Medi¬ 
terranean  Sea  was  largely  dr)^  land  connecting  Europe  with  Africa. 
The  Thames  flowed  into  the  Rhine  and  the  Rhine  and  the  Elbe  joined 
to  form  a  river  which  flowed  out  into  the  Arctic  Ocean.  The  Somme 
and  the  Seine  were  tributaries  of  a  river  which  flowed  through  the 
English  Channel  into  the  Atlantic  Ocean. 

B.  FOSSIL  MEN 

The  rarity  of  primate  fossils  was  mentioned  at  the  beginning  of  this 
chapter  and  the  conditions  under  which  they  lived  given  as  a  reason  for 
this.  The  same  is  true  of  early  human  fossils.  Not  until  man  adopted  the 
practice  of  burying  his  dead  do  human  fossils  become  at  all  abundant. 
A  further  difficulty  is  presented  by  the  uncertainty  which  often  attends 
the  exact  dating  of  the  remains.  The  methods  used  to  determine  geologi¬ 
cal  chronology  have  already  been  discussed  (Chap.  40).  While  it  is 
usually  possible  to  determine  with  certainty  to  which  epoch  a  given 
Cenozoic  stratum  belongs  it  is  much  more  difficult  to  determine  where 
in  the  series  of  glacial  and  interglacial  ages  of  the  Pleistocene  a  given 
stratum  belongs.  A  third  uncertainty  is  introduced  by  the  possibility 
that  a  fossil  may  have  been  moved  from  the  site  of  its  original  formation 
into  another  stratum,  by  the  action  of  water,  ice,  or  even  a  human 
agency. 

The  fact  that  a  fossil  shows  primitive  characters  does  not  necessarily 
mean  that  it  belongs  to  an  early  stratum.  The  rate  of  evolution  of  organ¬ 
isms  varies  in  different  parts  of  the  world  and  in  different  groups.  Man 
is  no  exception.  It  is  therefore  to  be  expected  that  in  early  times  men  of 
different  stages  of  culture  and  physical  development  existed  simultane¬ 
ously  in  different  regions  as  they  do  on  the  earth  at  the  present  time. 
While  in  general  the  more  primitive  fossils  are  found  in  the  earlier  ages, 
exceptions  occur.  There  is  also  some  confusion  with  regard  to  the  nomen¬ 
clature  applied  to  fossil  men  depending  on  whether  certain  types  should 
be  given  the  rank  of  separate  genera  or  species. 


Sinanthropus 


44:2.  THE  AGES  OF  MAN' 


CQ 

< 

H 


c 


c 

o 

'o 

> 


u.' 


£ 

u 

C 

o 

u 

o 

-o 

o 

tc 

1 

■O 

c 

{« 

u 

o 

/?: 

u 

c 


o 


0^ 


c 

X 

o 


T3 

C 

RJ 


u 

o 

X 

u 

3 

J2 

o 


c 

o 

-o 


892 


American  Anthropologist,  Vol.  42,  N.S.,  1940,  p.  375. 


Art.  3  THE  GEOLOGICAL  HISTORY  OF  MAN  893 

These  considerations  should  not  be  allowed  to  obscure  the  fact  that 
there  is  fast  becoming  accumulated  a  large  mass  of  well-established, 
definite,  and  precise  evidence  not  only  for  the  evolution  of  man  but  also 
for  the  course  of  that  evolution. 

Although  the  presence  of  worked  flints  in  the  Pliocene  seems  to  show 
that  man  in  some  form  existed  in  this  epoch,  the  earliest  human  fossils 
come  from  deposits  which  are  regarded  as  belonging  to  the  Middle  Pleis¬ 
tocene. 


(1)  FOSSIL  MEN  OF  THE  EARLY  AND  MIDDLE  PLEISTOCENE,  ASSOCI¬ 
ATED  WITH  EARLY  PALEOLITHIC  CULTURE:  PITHECANTHROPUS 
AND  SINANTHROPUS 


Two  types  of  primitive,  early  fossil  men  are  known  from  the  Middle 
Pleistocene,  the  Java  ape-man.  Pithecanthropus  erectus  (Gr.  pith,  ape  J- 
anthropos,  man)  and  the  Peking  man.  Sinanthropus  pekingensis  (Gr.  Sin, 
China  +  anthropos,  man).  The  first  fossils  of  Pithecanthropus  were 
found  about  fifty  years  ago,  1892,  on  the  bank  of  a  river  in  central 
Java  near  the  town  of  Trinil  and  consist  of  a  skull  cap,  a  left  femur,  and 
three  teeth  found  at  one  location  and  a  lower  jaw  found  in  similar  de¬ 
posits  25  miles  away.  The  beds  in  which  the  fossils  were  found  are 
assigned  to  the  Middle  Pleistocene.  More  recent  excavations  on  the 
bank  of  the  same  river  but  farther  upstream  near  the  town  of  Sangiran 


have  yielded  three  more  skull  caps,  one  very  well  preserved,  a  lower  jaw 
and  an  upper  jaw;  at  Modjokerta  in  western  Java  the  skull  of  a  baby 
which  is  believed  to  belong  to  the  same  type  has  been  found.  Thus 
Pilhecanthrolms  erectus  is  represented  by  five  skulls,  a  few  long  bones,  and 
a  number  of  teeth.  'I  he  fossils  of  Sinanthropus  all  come  from  an  ancknt 
cave  at  the  village  of  Ghoukouticn  about  30  miles  from  Peking  (Peiping) 
in  North  Chimi  and  were  unearthed  during  the  period  between  World 
Wars  I  and  1 1.  'I'he  deposits  in  which  they  were  found  are  assigned  also 
to  the  Middh-  Pleistocene.  About  fifty  individuals,  male  and  female, 
adult  itnd  jnvenih-,  tire  represented.  Of  none  of  them  is  there  an  entire 
skeleton,  a  number  being  rcjirescnted  by  teeth  only.  Strangely  the  re- 
mtiins  eo.isisi  ehi.-lly  of  skull  fragments,  limb  bones  occurring  only  as 
frt.gm.-nts  of  sevet,  thigh  bo.ies  and  one  arm  bone.  There  is  no  evidence 
of  bnri.d.  They  may  have  Ixen  left  there  by  a  group  of  head  hunters. 
Th<-  fact  thtn  hi  most  cases  the  base  of  the  skull  is  broken,  giving  access 
to  th<-  cranial  cavity,  suggests  cannibalism.  The  skulls  inay  ‘^^ve  been 
op<-n..d  to  extrai  t  the  brain  which  may  have  been  regarded  as  a  delicacy 
just  ,as  the  sheep’s  bnhn  is  now  regarded.  About  four  of  the  skulls  aie 
snflidcntly  wtdl  i-reserved  to  form  a  basis  for  reconstructions. 
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The  fossils  of  Pithecanthropus  and  Sinanthropus  show  many  similarities 
(Fig.  44:10).  Indeed  they  are  so  similar  that  they  undoubtedly  ought 
to  be  placed  in  the  same  genus  and  perhaps  in  the  same  species.  1  he 
original  names  are  retained  for  convenience  since  they  have  become 
established  in  the  literature.  The  cranium  is  low  and  its  greatest  breadth 
is  in  the  region  between  the  ears.  Heavy,  projecting  supraorbital  ridges 
protect  the  orbit.  The  posterior  or  occipital  region  is  broad  and  rounded 


Fig.  44:11  Pithecanthropus  erectus.  Left,  a  view  of  the  top  of  the  cranium;  at  right,  a  cast 
of  the  inside  of  the  top  of  the  cranium,  showing  approximately  the  contour  of  the  cerebral 
hemispheres.  The  front  of  the  skull  and  brain  are  toward  the  lower  part  of  the  illustration. 
Photographs  of  casts  in  the  American  Museum  of  Natural  History.  Reproduced  by  per¬ 
mission. 

(Fig.  44:11).  The  foramen  magnum  is  more  posterior  than  in  more 
recent  skulls,  indicating  that  the  head  projected  forward.  The  lower 
jaw  shows  that  there  was  no  chin.  The  teeth  although  human  in  charac¬ 
ter  resemble  those  of  the  manlike  apes  and  there  is  a  wide  space,  or 
diastema,  between  the  canine  tooth  and  the  first  molar.  The  average 
cranial  capacity  of  the  skull  of  Pithecanthropus  is  about  900  cubic  cen¬ 
timeters  while  that  of  the  Sinanthropus  skulls  is  about  1000  cubic  centi¬ 
meters.  While  little  is  known  of  the  rest  of  the  skeleton  what  is  known 
seems  to  point  to  a  strong  heavy-set  body  of  medium  height  and  an  up¬ 
right  posture. 

Crude  stone  implements  in  the  form  of  axes  and  scrapers  attest  to  the 
employment  of  tools  while  black  ashes  and  burned  bones  indicate  the 
use  of  fire  and  the  cooking  of  food.  Casts  of  the  cranial  cavity  of  Sinan- 
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thropus  indicate  a  marked  development  of  that  region  of  the  brain  which 
in  modern  man  has  been  shown  to  lodge  the  motor  center  for  speech, 
which  would  seem  to  indicate  that  he  was  capable  of  this  method  of 
communication. 

A  discussion  of  the  human  fossils  from  the  Early  and  Middle  Pleistocene 
would  be  incomplete  without  mention  of  a  remarkable  skull  found  at 
Piltdown  in  the  south  of  England  in  a  stratum  which  the  geological 
evidence  seems  to  show  definitely  belonged  to  the  Early  Pleistocene 
(First  Interglacial).  The  fossils  have  been  made  the  basis  for  the  descrip¬ 
tion  of  special  human  type  to  which  the  name  Eoanthropus  dawsoni 
(Gr.  Eo^  dawn)  has  been  given.  The  remains  consist  of  cranial  fragments 
and  most  of  a  lower  jaw.  There  seems  some  doubt  whether  all  of  the 
fragments  belong  to  the  same  individual  and  as  the  cranial  fragments 
do  not  fit  together  there  has  been  much  discussion  of  attempts  to  recon¬ 
struct  the  skull.  However,  certain  features  seem  clear.  The  skull  is  very 
different  from  that  of  Pithecanthropus  or  Sinanthropus,  the  cranium  is  high, 
the  supraorbital  ridges  are  not  prominent,  the  cranial  capacity  is  consider¬ 
ably  larger.  According  to  one  investigator  the  fragments  of  the  cranium 
“cannot  be  distinguished  from  those  of  modern  man,  either  in  their 
general  form  or  in  individual  features.”  The  Piltdown  skull  therefore 
presents  an  enigma  *  either  the  geological  or  anatomical  findings  are 
not  correct  or  there  existed  in  England  during  the  early  Pleistocene  a 
type  of  man  very  similar  to  the  present  inhabitants  (Fig.  44:10). 


(2)  FOSSIL  MEN  OF  THE  MIDDLE  AND  LATE  PLEISTOCENE  ASSOCIATED 
WITH  MIDDLE  PALEOLITHIC  (MOUSTERIAN)  CULTURE:  HOMO 
NEANDERTHALENSIS 

All  of  the  types  of  fossil  men  from  the  Late  Pleistocene  to  the  most 
recent,  i.e.,  from  the  second  interglacial  on,  have  been  placed  in  the 
genus  'llomo,  the  genus  to  which  all  the  modern  races  of  men  belong. 
Nearly  all  of  those  which  arc  limited  to  the  Late  Pleistocene  are  placed 
in  the  species  ncanderthalensis,  named  from  the  Neanderthal,  a  valley, 
near  Thisselclorf,  Germany,  where  one  of  the  first  skeletons  of  this  type 
was  found  in  1 858,  associated  with  implements  of  the  Mousterian  culture. 
Sinec^  this  discovery  fifty  or  more  skeletons,  some  remarkably  complete 
;uul  well  pres(‘rv('(l,  have  been  unearthed  in  different  parts  of  Europe 
Asi'i  'ind  Afric'a  so  that  Homo  neanderthalensis  is  known  to  have  existed 
in  Brlgium,  G(Tmany,  ITance,  Spain,  Italy,  Croatia,  Crimea,  Palestine, 

Syria,  An.bia,  Iraq,  and  Rhodesia. 

A  comparison  of  the  skeletons  of  Neanderthal  men,  women,  and  chil- 
clnm  with  lh<‘  skeletons  of  modern  men,  women,  and  children  shows 
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that  the  former  were  of  lower  stature,  the  adults  being  rarely  over  5  feet 
4  inches  and  probably  averaging  less  than  5  feet,  but  of  heavier  build 
so  that  the  average  weight  may  have  been  equal  to  or  greater  than  that 
of  the  average  man  or  woman  of  today  (Fig.  44:12).  Had  this  species  of 
man  survived  to  our  time  he  would  probably  have  been  a  dangerous 

antagonist  for  any  of  our  wrestling 
champions.  He  walked  and  stood 
in  a  slouch,  his  head  forward  and 
knees  bent.  I  lis  low  forehead,  mas¬ 
sive  ridges  over  large,  round  eyes, 
broad  nose,  and  large  hands  and 
feet  must  have  given  him  an  ap¬ 
pearance  difTerent  from  that  of  a 
man  of  any  living  race  (Figs. 
44:13,  44:1 4). The  cranial  capacity 
of  the  skull  of  Neanderthal  man 
compares  favorably  with  that  of 
modern  man,  1400-1600  cubic 
centimeters,  but  the  shape  of  the 
brain  as  indicated  by  endocranial 
casts  was  somewhat  different,  the 
occipital  portion  being  relatively 
larger,  and  the  frontal  portion  rela¬ 
tively  smaller  than  in  modern  man. 

Recently  there  has  been  discovered  in  central  Java  near  the  town  of 
Mgandong,  in  a  dejx)sit  which  is  assigned  to  the  third  interglacial,  the 
remains  of  a  type  of  man  which  seems  to  have  been  intermediate  between 
Sinanthropus  pekingensis  and  Homo  neanderthalensis.  The  type  has  been 
named  Homo  soloensis^  from  the  Solo  River  in  the  valley  of  which  it  was 
found.  The  fossil  material  comprises  eleven  skulls  and  skull  fragments 
and  two  tibias.  The  cranial  capacity  averages  about  1200  cubic  centi¬ 
meters.  The  greatest  breadth  of  the  brain  was  situated  somewhat  higher 
than  in  Sinanthropus. 


Gorilla 


Bushman 


Fig.  44:12  Comparison  of  Gorilla,  Nean¬ 
derthal  man  and  .Australian  Bushman. 
The  scapula  has  been  omitted  from  the 
Neanderthal  skeleton.  .After  Boule,  Fossil 
Men  by  fR'rmission  of  Oliver  and  Boyd. 


(3)  FOSSIL  MEN  OF  THE  LATE  PLEISTOCENE  AND  RECENT,  ASSOCIATED 
WITH  LATE  PALEOLITHIC  AND  SUBSEQUENT  CULTURES:  HOMO 
SAPIENS 

Neanderthal  man  was  succeeded  by  Homo  sapiens  (L.  sapiens,  wise), 
the  species  which  includes  all  the  races  of  modern  man.  The  race  which 
characterizes  the  Late  Pale©lithic  is  called  Cro-Magnon,  the  name  of 
a  cave  in  the  Dordogne  in  France  where  five  skeletons  were  found.  The 


Fig.  44:13  Rf-slonition  of  Neanderthal  man.  From  a  group  by  Frederick  Blaschke. 
I’hotograpli  supplied  l)y  llie  Field  Museum  of  Natural  History  and  reproduced  by  per- 
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Cro-Magnons  were  a  handsome  race  of  people  and  would  compare 
favorably  with  any  of  the  existing  races  of  men.  The  skeletons,  of  which 
many  have  been  found,  indicate  a  height  of  6  feet  and  an  athletic  build 
with  strong  muscles.  The  skulls  (Figs.  44:10,  44:14)  are  remarkably  large 
and  dolichocephalic,  i.e.,  the  anterior-posterior  diameter  is  large  rela¬ 
tive  to  the  lateral  diameter.  The  face  was  broad  with  large  eyes  far  apart, 
large  cheek  bones,  and  wide  jaw's.  The  cranial  capacity  and  therefore 


Java  man  Neanderthal  man  Cro-Magnon  man 

Fig.  44:14  Left  to  right,  Pithrcanthropus  erectus  or  Java  man,  Homo  neanderthalensis  or 
Neanderthal  man,  and  Homo  sapiens  represented  by  Cro-Magnon  man.  Restorations  based 
on  the  skulls  and  the  attachments  of  the  facial  muscles  by  J.  H.  McGregor.  Reproduced 
by  permission  from  a  photograph  supplied  by  the  Americ^m  Museum  of  Natural  History. 


the  size  of  the  brain  must  have  been  equal  to,  if  not  greater  than,  that 
of  the  average  European  of  today.  There  were  probably  other  races  of 
Homo  sapiens  in  existence  at  the  same  time  as  the  Cro-Magnons  but 
they  are  imperfectly  known  and  need  not  concern  us  here. 

It  will  not  be  necessary  to  consider  the  fossil  men  from  the  Recent 
epoch  since  their  skeletons  do  not  differ  from  those  of  the  existing  races 
of  men. 


C  THE  CULTURAL  AGES  OF  MAN 

Man  is  distinguished  from  the  anthropoid  apes  not  only  by  his  anatom- 
iced  structure  but  also  and  more  conspicuously  by  his  use  of  tools  and  his 
social  organization.  So  far  as  is  known  his  first  tools  were  of  stone.  It  is 
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fortunate  for  the  prehistorian  that  early  man  used  stone  implements 
because  such  implements  may  be  preserved  almost  indefinitely  on  or  in 
the  ground  or  in  caves.  Indeed  stone  implements  provide  the  only  record 
of  the  earliest  men  and  even  later  when  skeletal  remains  are  available 
stone  implements  are  more  numerous  and  better  preserved.  This  has  led 
archeologists  and  prehistorians  to  use  the  stone  implements  to  distinguish 
a  series  of  “cultures”  and  to  classify  early  man  by  his  culture  rather  than 
by  his  physical  features.  The  word  culture  is  generally  used  to  include  the 
sum  total  of  all  the  activities  and  achievements  of  a  people  but  in  this 
connection  it  is  chiefiy  based  on  the  types  of  stone  implements.  On  this 
basis  four  main  stages  or  “ages”  are  recognized  in  the  evolution  of  man¬ 
kind  and  are  named,  beginning  with  the  earliest,  Eolithic,  Paleolithic, 
Neolithic,  and  the  Age  of  Metals,  the  last  being  the  age  in  which  we 
now  live.  Within  each  age  different  cultures  can  be  differentiated. 

The  Eolithic  or  Dawn  Stone  Age  probably  lasted  through  most  of  the 
Pliocene  epoch  and  is  by  some  believed  to  have  extended  back  into  the 
Miocene,  which  implies  that  it  lasted  for  a  million  or  more  years  and 
ended  over  a  million  years  ago  according  to  the  chronology  adopted  in 
the  table  (Table  44:2).  The  Paleolithic  or  Old  Stone  Age  corresponded 
in  its  duration  to  the  Pleistocene  epoch  and  lasted  for  about  a  million 
years.  The  Neolithic  and  the  Age  of  Metals  both  occurred  within  the 
recent  epoch.  Compared  with  the  Eolithic  and  Paleolithic,  the  Neolithic 
and  the  Age  of  Metals  are  but  brief  periods  in  man’s  long  sojourn  on 
earth.  The  relative  duration  of  the  Ages  has  varied  in  different  parts  of 
the  world  and  in  certain  remote  regions  the  Neolithic  may  be  said  to 
persist  to  the  present  time.  The  data  given  in  Table  44:2  applies  more 
particularly  to  western  Europe. 


(1)  THE  EOLITHIC  OR  DAWN  STONE  AGE  CULTURE 
As  alnvidy  slated  die  Eolithic  probably  corresponded  in  duradon  to 
tlw  en-aier  part  of  die  Pliocene  c,)och.  No  human  skeleton  remains  can 
with  ei  rlainty  lie  asslKued  to  Pliocene  deposits.  The  evidence  for  the 

exisK-i.e.-ofmai.  in  the  I >1  iocenc  consists  of  certain  rude  stone  impl^ents 

calleil  eoliths  (Eifr.  44d5)  discovered  in  various 

diielly  in  l'nt;lan<l,  Eranee,  Germany,  Egypt,  and  India.  The  best  evi¬ 
dence  is  sup|.li.-d  by  numerous  chipped  flints 

si/.-s  found  in  the  <-asl  and  .south  of  England  in  beds  undoubtedly  of  the 
P|i.,e,.n,-  epoch.  Th,-  discussion  hinges  on  whether  these  are  ^e  w®  J  of 
,„e,.,-ly  the  accidental  effect  of  the  rubbing  and  hitting 
of  ,h<- stones  in  the  b.-.lof  a  stream  or  elsewhere.  The  opinion  of  experts  i 
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that  most  of  the  eoliths  are  the  work  of  hands.  We  know  little  of  the 
mode  of  life  of  Eolithic  man  beyond  the  character  of  the  country  in 
which  he  lived  and  the  animals  with  which  his  existence  was  associated. 


Fig.  44:15  Both  sides  of  an  eolithic  flint  scraper  (natural  size)  from  below  Red  Cra^ 
at  Bramford,  Ipswich.  From  Moir,  Antiquity  of  Man  in  East  Anglia^  Cambridge  University 
Press, 

During  the  later  part  of  the  Pliocene,  the  time  to  which  the  eoliths  be¬ 
long,  England  had  a  warm,  moist,  temperate  climate  and  was  a  land 
with  forests  and  meadows  where  grazed  elephants,  horses,  and  cattle. 

(2)  THE  PALEOLITHIC  OR  OLD  STONE  AGE  CULTURE 
The  Paleolithic  or  Old  Stone  Age  of  man  corresponds  approximately 
to  the  Pleistocene  epoch  and  lasted  according  to  the  chronology  adopted 
in  this  text  for  about  a  million  years.  The  men  of  the  Old  Stone  Age  have 
left  a  long  and  interesting  record  scattered  in  time  and  space  over  many 
parts  of  the  Old  World.  Starting  with  the  crudest  implements  and  the 
skeletons  of  apelike  men  it  ends  in  cultures  very  different  from  our  own 
but  showing  a  high  degree  of  artistic  and  technical  development  and  a 
physical  type  which  must  be  recognized  as  the  equal  if  not  the  superior 
of  any  modern  man.  In  tracing  the  evolution  of  man  during  the  Paleo¬ 
lithic  it  will  be  convenient  to  consider  those  of  the  Early,  Middle^  and 
Late  Paleolithic  in  separate  sections. 

fa)  THE  CULTURE  OF  THE  MEN  OF  THE  EARLY  PALEOLITHIC 
The  record  left  by  Early  Paleolithic  man  begins  with  certain  rude 
stone  implements  and  fragments  of  a  few  skeletons.  The  oldest  and  crud¬ 
est  of  the  stone  implements  arc  called  Chellean,  since  they  were  first, 
discovered  at  Chclles  on  the  bank  of  the  Seine  near  Paris  (Fig.  44:16). 
In  the  case  of  the  Chellean  implements  there  is  no  doubt  as  to  their  being 
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fashioned  by  a  hand.  ITie  Hints  are  worked  into  definite  shapes  and  were 
used  in  a  partieular  way.  Some  are  recoi^nized  as  hand  axes,  others  as 
scrapers  and  borers  whieh  were  j)robably  used  in  prej)arin,ijj  liides  and  in 
making  tools  from  bone.  The  chipping  of  Ghellean  flints  is  crude  and  the 


Fig.  44:16  Early  Ghellean  hand  axe 
from  the  Cromer  Forest  Bed  in  England. 
Below  a  section  through  the  line  AB. 
From  Moir,  Antiquity  of  Man  in  East 
Anglia,  Cambridge  University  Press. 


Fig.  44:17  Large  Acheulean 
hand  axe  from  Suffolk,  Eng¬ 
land.  Below  a  section  through 
the  line  AB.  From  Moir, 
Antiquity  of  Man  in  East  Anglia, 
Cambridge  University  Press. 


edges  jagged  and  irregular.  Ghellean  implements  have  been  found  in 
Europe,  Asia,  and  Africa. 

More  recent  but  still  included  in  the  Early  Paleolithic  is  the  Acheulean 
culture  represented  by  stone  implements  which,  although  crude  as  com¬ 
pared  to  those  of  later  times,  were  more  skillfully  made  than  those  of  the 
Ghellean  people.  The  chipping  was  more  delicate  and  regular,  leading 
to  a  keener  and  evener  edge.  The  implements  were  more  specialized  as 
shown  by  a  greater  variety  of  forms  (Fig.  44:17).  Ghellean  and  Acheulean 
flints  are  often  of  large  size  compared  with  those  of  later  cultures. 
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(b)  THE  CULTURE  OF  THE  MEN  OF  THE  MIDDLE  PALEOLITHIC 
The  record  left  by  the  men  of  the  Middle  Paleolithic,  found  in  de¬ 
posits  of  the  latter  part  of  the  third  interglacial  and  the  beginning  of  the 
fourth  glacial  stages,  is  more  detailed  in  regard  to  culture  and  skeletal 
remains  than  that  of  any  previous  stage.  The  term  Mousterian  has  been 
applied  to  the  culture  of  this  time  from  Le  Moustier,  the  name  of  the 
locality  in  the  Dordogne  in  France  where  the  culture  was  first  carefully 
studied. 

The  men  of  this  culture  seem  to  have  been  of  the  type  represented  by 
the  Neanderthal  skeletons.  They  are  frequently  described  as  cave  men. 
It  is  probable,  however,  that  the  greater  part  of  their  lives  was  spent  in 
the  open,  and  that  in  any  case  they  lived  at  the  entrances  to  caves  rather 
than  in  them.  At  the  entrances  to  these  caves  and  in  the  near-by  shelters 
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Fig.  44: 18  Two  typical  Mousterian  flint  implements  from  Le  Moustier.  Each  is  made 
from  a  large  flake  of  flint  struck  off  from  a  nodule.  One  side,  that  shown  on  the  left  in  each 
case,  is  chipped  to  make  a  sharp  edge,  while  the  other  side  is  left  with  the  original  smooth 
surface  of  the  flake.  The  scale  below  is  in  centimeters.  After  Dechelette,  from  H.  F.  Os¬ 
born,  Men  of  the  Old  Stone  Age,  by  permission  of  Charles  Scribner’s  Sons. 

formed  by  overhanging  rocks  are  found  the  ancient  hearths  where  they 
made  their  fires  for  cooking  and  for  warmth.  These  men  were  great 
hunters  and  the  bones  found  in  and  around  the  hearths  show  that  they 
hunted  the  mammoth,  rhinoceros,  wild  horse,  bison,  wild  cattle,  giant 
deer,  and  in  later  times  the  reindeer.  The  larger  bones  were  split  open, 
for  the  marrow  was  a  delicacy  then  as  it  is  today.  The  hides  were  un¬ 
doubtedly  used  for  various  purposes  and  the  bones  were  made  into 
implements.  Exactly  how  the  men  of  Mousterian  times  captured  and 
killed  big  game  is  somewhat  of  a  mystery  as  their  stone  implements, 
which  have  been  unearthed  in  great  numbers,  are  not  of  large  size. 
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Flints  suitable  for  the  making  of  implements  are  not  found  everywhere 
and  Mousterian  flints  show  that  man  was  beginning  to  economize  in 
the  use  of  his  raw  materials.  Chellean  and  Acheulean  implements  were 
made  from  entire  nodules  by  chipping  off  flakes ;  Mousterian  man  made 
some  of  his  implements  from  flakes  skillfully  chipped  from  large  nodules 
and  finished  by  finer  chipping  (Fig.  44:18).  Some  twenty  or  more  differ¬ 
ent  types  of  Mousterian  implements  with  different  uses  have  been  found. 

In  Mousterian  times  man  began  to  bury  his  dead.  The  deceased  was 
carefully  laid  in  a  sleeping  position  and  with  him  were  buried  flint 
implements  and  food.  It  is  worth  while  to  pause  and  think  what  this 
implies.  First,  belief  in  a  life  hereafter.  Second,  the  expression  of  that 
belief  in  a  burial  ceremony.  In  other  words,  these  early  men  were  be¬ 
ginning  to  look  outside  themselves  and  to  think  beyond  the  material 
necessities  of  bare  existence. 


(c)  THE  CULTURE  OF  THE  MEN  OF  THE  LATE  PALEOLITHIC 

The  Late  Paleolithic  lasted  in  the  Old  World  for  a  much  shorter  time 
than  either  the  Early  or  the  Middle  Paleolithic,  occurring  during  the 


Fig.  44: 19  Art  of  the  Aurignacian  period.  The  woolly  rhinoceros,  painted  in  red  ochre 
with  shading  and  partial  representation  of  the  hair,  in  the  cavern  of  Font-de-Gaume, 
Dordogne,  France.  Redrawn  after  Breuil,  from  H.  F.  Osborn,  Men  of  the  Old  Stone  Age, 
by  permission  of  Charles  Scribner’s  Sons. 


fourth  glacial  and  extending  into  the  beginning  of  the  Recent  epoch, 
.ike  tlicir  ijrcclcccssors  of  Mousterian  times,  the  men  of  the  Late  Paleo- 
ithic  lived  at  the  entrances  to  caves  or  in  rock  shelters.  They  subsisted 
mainly  by  lumting  and  fishing.  Because  the  reindeer  played  an  impor- 
:ant  role  in  their  life,  supplying  food,  clothing,  and  bone  which  they  used 
•xtensively  in  their  crafts,  they  have  been  called  the  Men  of  the  Rein¬ 
deer  Age.  In  the  Late  Paleolithic  a  number  of  succeeding  and  progres¬ 
sive  cultures  are  reeogni/xd,  of  which  the  most  important  are  Ae  Aurig- 
n,,ci.-m,  Solutre.-ui,  .and  Magdalcnian,  named  after  localities  where 
xtrnsivr  studies  have  been  made. 
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rhc  Aurignacian  culture  which  succeeded  the  Mousterian  was 
characterized  by  the  development  of  a  number  of  dificrent  kinds  of  bone 

implements  and  the  birth  of  art 
in  the  decoration  of  small  per¬ 
sonal  belongings,  ornaments 
and  implements  of  stone,  bone, 
and  ivory,  and  in  drawings, 
engravings,  paintings,  and  bas- 
reliefs  on  the  walls  of  caverns 
and  grottos  (Tig.  44:19).  On 
account  of  their  artistic  ability, 
Aurignacians  have  been  hailed 
the  Greeks  of  the  Paleolithic. 
Their  art  objects,  like  most 
primitive  art  objects,  were  un¬ 
doubtedly  used  in  the  practice 
of  magic  and  the  observance  of 
religious  ceremonies. 

The  Solutrean  culture  is  re¬ 
markable  for  the  culmination 
of  flint  working.  Never  before 
or  since  has  man  made  such 
beautiful  spear  heads  and  flint 
knives  (Fig.  44:20).  The  art 
of  the  Aurignacians  resembled 
that  of  the  Solutreans. 

The  Magdalenian  culture 
marks  the  end  of  the  Old  Stone  Age.  Bone  tended  to  supplant  flint  in 
the  construction  of  tools  and  many  new  kinds  of  bone  implements,  or¬ 
naments,  and  ceremonial  objects  appear,  and  sculpture  in  bone  and 
ivory,  especially  of  animal  forms,  was  perfected. 

(3)  THE  MESOLITHIC  OR  MIDDLE  STONE  AGE  CULTURE 

The  Mesolithic  culture  was  one  of  transition  from  the  Late  Paleolithic 
to  the  Neolithic.  Small  flakes  of  flint  were  much  in  use  and  bone  replaced 
flint  for  some  purposes  and  new  uses  were  made  of  it.  The  culture  was 
widespread  in  Europe,  Asia,  and  Africa. 

(4)  THE  NEOLITHIC  OR  NEW  STONE  AGE  CULTURE 

For  information  about  the  culture  of  the  Neolithic  peoples  we  are 
almost  entirely  dependent,  as  in  the  case  of  the  cultures  of  the  Paleolithic 


Fig.  44:20  Typical  Solutrean  flint  imple¬ 
ments  of  war  and  chase.  After  Mortellet,  from 
H.  F.  Osborn,  Men  of  the  Old  Stone  Age^  by  jxt- 
mission  of  Charles  Scribner’s  Sons. 
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peoples,  on  tools,  weapons,  and  other  worked  objects  which  have  resisted 
the  processes  of  decay,  buried  in  the  ground,  hidden  in  caves  or  under 
water.  The  Neolithic  is  often  termed  the  “Age  of  Polished  Stone  Imple¬ 
ments,”  because  the  people  of  this  age  were  the  first  to  use  grinding 
and  polishing  as  a  method  of  shaping  and  sharpening  stone  and  flint 
(Fig.  44:21).  However,  Neolithic  culture  differs  in  many  other  and  more 
important  ways  from  that  of  the  Paleolithic. 


A  BCD 


Fig.  44:21  Stages  in  the  manufacture  of  the  Neolithic  Stone  Axe.  A,  rough  axe;  B,  axe 
chipped  ready  for  polishing;  C,  axe  partly  polished;  D,  axe  completely  polished.  After 
Mortellet,  from  II.  F.  Osborn,  Men  of  the  Old  Stone  Age,  by  permission  of  Charles 
Scribner’s  Sons. 

The  Neolithic  Age  began  and  ended  early  in  Egypt,  Mesopotamia, 
and  Persia,  occurred  at  a  later  date  in  western  Europe,  and  persisted 
on  the  American  continent  up  to  the  time  of  its  discovery  and  settlement 
by  whit(‘  men. 

lurst  among  the  achievements  of  the  Neolithic  peoples  must  be  placed 
agricultur(‘  and  th('  domestication  of  animals.  When  and  where  these 
arts  aros(‘  cannot  b(‘  slated  with  certainty.  Agriculture  may  have  been 
di.scoven'd  in  (1h‘  vali(‘y  of  the  Nile  in  prehistoric  Egypt  for  we  know  that 
barley  and  (dh(‘r  c(‘reals  w(‘re  cultivated  there  in  very  early  times.  From 
tlK‘r(‘  it  may  liav(‘  b(‘en  introduced  into  Mesopotamia  and  Persia  and 
later  to  th(‘  r(‘st  of  th(‘  world.  The  barley  and  other  cereals  cultivated 
in  I'^gyi)!  w<-re  iIk'  native'  wild  species.  Wheat  and  barley  were  introduced 
into  w(‘sl(‘rn  Ihiroix'  from  the  Mediterranean  region.  In  Egypt  the  do- 
mestie'alion  of  animals  ('ame  after  the  discovery  of  agriculture.  The  first 
animal  lo  Ix'  donx'Sl iea U'd  was  the  dog,  but  on  prehistoric  stone  reliefs 
('ows,  asses,  hoiax'd  slu'e']),  and  goats  are  shown.  Geese  and  ducks  are 
also  known  lo  h,iv('  lx'('n  donx'slicated. 

Whil('  the  men  of  llx'  Pah'olilhic  lived  in  small,  more  or  less  isolated 
pronps  the  pc'ople  of  lh('  Neolithic  tended  to  collect  in  larger  groups, 
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forming  tribes.  Some  of  these  tribes  were  composed  of  pastoral  peoples 
with  herds  of  sheep,  goats,  and  cattle.  These  people  moved  with  their 
herds  over  the  grasslands  and  lived  in  temporary  shelters.  Constantly  on 
the  move,  such  people  must  carry  their  few  possessions  and  can  practice 
only  those  industries  requiring  simple  equipment.  Such  groups  remain 
relatively  small  in  numbers  and  develop  only  a  simple  social  organiza¬ 
tion.  Other  tribes  became  farmers,  cultivating  grains  and  fruit  trees. 
These  people  adopted  permanent  alx)dcs  and  built  huts  or  mud  houses 
according  to  the  materials  available.  The  need  for  protection  caused 
them  to  build  their  dwellings  in  villages  or  towns.  The  occupations  of 
peoples  living  in  villages  and  towns  tend  to  become  specialized  and 
private  property  accumulates  and  comes  to  be  recognized.  All  this  leads 
to  an  increasing  complexity  of  social  organization.  Thus  the  practice  of 
agriculture  may  be  said  to  be  the  chief  cause  of  civilization  (the  word 
“civilization”  comes  from  the  Latin  root,  civilis,  meaning  a  citizen  or 
one  capable  of  enjoying  the  privileges  of  a  city). 

Neolithic  culture  is  also  characterized  by  the  invention  of  pottery  for 
the  storage  of  water  and  grain  and  for  cooking.  On  account  of  its  dura¬ 
bility  pottery,  either  as  entire  vessels  or  as  broken  fragments,  is  often 
found  with  the  stone  implements  of  this  age.  Among  certain  groups 
baskets  took  the  place  of  clay  pots  for  storage  purposes.  The  textile  arts 
were  well  developed  in  certain  localities  in  the  Neolithic.  These  include 
spinning,  netting,  knitting,  weaving,  and  embroidery.  Beautifully  woven 
fabrics  have  been  found  preserved  in  the  remains  of  Neolithic  cultures 
in  Switzerland  and  the  United  States. 

One  of  the  most  important  Neolithic  inventions  was  seagoing  boats, 
which  were  preceded  by  rafts  and  dugouts.  These  seagoing  boats  trav¬ 
ersed  the  Mediterranean  and  skirted  the  west  coast  of  Europe.  During 
the  Neolithic  many  wanderings  and  migrations  of  people  occurred  and 
it  was  probably  during  this  age  that  the  ancestors  of  the  future  Eskimos, 
Red  Skins,  Aztecs,  and  Incas  came  to  the  American  continent  from 
northeastern  Asia  by  way  of  the  Aleutian  Islands  and  Alaska  and 
wandered  over  the  whole  length  and  breadth  of  North  and  South 
America. 

The  problem  of  man’s  antiquity  on  the  American  continent  is  now 
engaging  the  interest  of  archaeologists.  Recent  finds  of  flint  spear  points 
with  the  remains  of  extinct  animals  near  the  small  town  of  Folsom  in 
New  Mexico  have  made  it  seem  probable  that  man  was  present  in  the 
Southwest  and  probably  elsewhere  on  the  American  continent  at  least 
eight  to  ten  thousand  years  ago  or  perhaps  twice  as  long  ago.  The 
“Folsom  points,”  as  they  are  called,  are  equal  in  the  quality  of  their 


Ari.4  SOME  GENERAL  REMARKS  907 

workmanship  to  the  finest  flints  of  the  Paleolithic  in  Europe.  This  would 
seem  to  indicate  that  the  men  who  made  them  had  reached  a  fairly 
advanced  stage  of  culture.  The  American  Indian  as  the  white  man 
found  him  when  he  discovered  the  continent  is  generally  regarded  as 
being  in  a  Neolithic  stage  of  culture  comparable  to  the  Neolithic  of 
Europe. 


(5)  THE  AGE  OF  METALS 

Strange  as  it  may  seem,  metals  were  long  used  for  jewelry  and  to  bring 
luck  to  the  wearer  before  they  were  used  in  the  manufacture  of  tools  and 
weapons  replacing  stone.  Doubt  exists  as  to  where  metals  were  first  dis¬ 
covered;  some  prehistorians  favor  Egypt,  some  Asia  Minor,  and  some 
Persia.  The  first  metal  to  be  discovered  seems  to  have  been  gold.  This 
was  followed  by  copper.  Copper  was  probably  discovered  through  the 
accidental  heating  of  copper  ore  in  a  fireplace.  Copper  as  found  in 
Egypt  is  hard  and  suitable  for  making  cutting  instruments.  It  was  soon 
found  that  tin  added  in  small  quantities  to  copper  produced  an  alloy, 
called  bronze,  which  is  much  harder  than  pure  copper.  The  discovery 
spread  far  and  wide  and  gave  rise  to  the  Bronze  Age.  The  great  poems 
of  the  Greek  poet,  Homer,  the  Iliad  and  the  Odyssey,  describe  life  in  the 
Late  Bronze  Age.  The  shield  of  the  hero  Achilles  was  of  bronze  inlaid 
with  silver  and  gold.  Iron  was  a  rare  metal  to  the  ancients  and  in  the 
beginning  was  used  for  jewelry.  A  necklace  found  in  a  prehistoric  grave 
in  Egypt  had  iron  beads  alternating  with  gold.  The  Iron  Age  of  archaeol¬ 
ogists,  however,  docs  not  begin  until  iron  began  to  replace  bronze  for 
tools  and  weapons.  The  Iron  Age  seems  to  have  begun  about  the  same 
time  in  Egypt  and  Mesopotamia,  namely  between  1300  and  1200  b.c. 
For  a  consid(Tal)le  period  both  bronze  and  stone  implements  continued 
to  be  used  with  those  of  iron. 

It  is  beyond  the  scope  of  this  text  to  carry  the  story  further  into  re¬ 
corded  history  and  the  Machine  Age  in  which  we  live. 


4.  SOME  GENERAL  REMARKS  ON  THE  EVOLUTION  OF  AAAN 


Certain  gencTal  features  of  the  evolution  of  man  become  obvious  from 
the  data  pres(MU(‘d  in  this  chapter.  Most  conspicuous  is  the  extreme 
slowness  wiili  wliieli  man’s  physical  form  has  evolved.  Yet  the  rate  of 
lliis  evolnlion  is  not  ptirlieularly  slow  when  compared  with  other  mam¬ 
mals,  for  <-xampl<-,  (h<-  hors<-.  If  the  term  man  is  restricted  to  the  genus 
//owe,  il  may  he  said  that  man  began  his  existence  about  half  a  million 
years'ai^o.  In  the  beginning  there  may  have  been  a  number  of  different 
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species;  gradually,  as  the  result  either  of  extinction  or  amalgamation, 
these  species  became  reduced  in  number  until  only  one  remained. 

Until  quite  recently  man’s  cultural  and  social  evolution  has  been 
also  extremely  slow,  perhaps  slower  than  the  evolution  of  his  body.  Homo 
sapiens  existed  for  many  thousand  years  before  he  discovered  agriculture. 
Since  then  his  cultural  and  social  development  has  been  exceedingly 
rapid,  so  rapid  that  as  yet  there  has  been  no  noticeable  change  in 
the  structure  of  his  body  including  the  brain  in  the  period  since  the 
beginning  of  civilization,  which  is  probably  not  more  than  ten  thousand 
years  in  Egypt  and  perhaps  half  that  in  western  Europe.  The  evolution 
of  social  life  and  its  development  into  various  types  of  civilization,  which 
must  be  regarded  as  the  most  outstanding  characteristic  of  modern  man, 
appears  therefore  to  be  not  primarily  a  matter  of  the  evolution  of  the 
individual  and  the  formation  of  new  species  as  outlined  in  the  previous 
chapter  (Chap.  43),  The  Mechanism  of  Organic  Evolution.  The  forces 
which  produce  and  the  principles  which  govern  the  evolution  of  societies 
and  the  origins  of  new  civilizations  would  therefore  appear  to  be  different 
from  those  which  arc  involved  in  the  evolution  of  individual  organisms 
and  the  origin  of  new  species. 
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Questions 

1 .  Compare  the  structure  of  one  of  the  higher  apes  with  that  of  man. 

2.  Outline  briefly  four  theories  of  the  origin  of  man  from  primate  stock. 

3.  Name  the  ages  of  man  and  state  approximately  the  duration  of  each. 

4.  What  is  known  about  Early  Paleolithic  man? 

5.  Compare  Neanderthal  man  with  modern  man  and  with  the  great  apes. 

6.  Give  reasons  for  our  knowing  more  about  Neanderthal  man  than  about  any 
of  his  human  predecessors. 

7.  When  does  Homo  sapiens  appear  in  the  geological  record? 

8.  Name  the  culture  periods  included  in  the  Late  Paleolithic.  How  are  they 
distinguished? 

9.  How  did  the  culture  of  the  Neolithic  peoples  differ  from  that  of  all  previous 
cultures? 

10.  Discuss  briefly  the  Age  of  Metals  and  compare  it  with  the  Neolithic. 
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APPENDIX 


A  Synoptic  Table  of  the  Plant 
and  Animal  Kingdoms 


While  it  is  desirable  and  logical  to  define  the  groups,  phylum,  class, 
order,  and  family  in  exact  terms  and  in  such  a  way  as  to  make  it  possible 
to  assign  any  organism  to  its  phylum,  class,  order,  and  family  by  an 
inspection  of  a  few  outstanding  characteristics,  actually  this  presents 
many  difficulties,  and  is  not  the  method  which  systematists  pursue  in 
practice.  The  fundamental  concept  seems  to  be  that  of  the  genus;  this 
concept  of  a  genus  as  expressed  frequently  in  the  popular  name  of  an 
animal  or  plant  seems  to  antedate  systematic  biology.  A  family  is 
primarily  a  group  of  similar  genera.  Similarly  an  order  is  a  group  of 
similar  families  and  so  on.  The  groups  thus  become  more  and  more 
abstract  as  one  goes  up  the  scale  and  more  difficult  to  define  in  precise 
concrete  terms,  or  in  easily  recognized  characters.  This  is  particularly 
true  in  such  groups  as  the  flowering  plants  and  birds  where  there  are 
numerous  genera  and  evolution  seems  to  be  taking  many  different 
directions. 
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The  Plant  Kingdom 
and  Its  Subdivisions^ 


PHYLUM  THALLOPHYTA  (Thal-loph'y-ta,  Gr.  thallus,  a  young  shoot  + 
phyton,  a  plant) .  The  body  of  these  plants  consists  of  a  thallus.  A  thallus  is  with¬ 
out  true  roots,  stem,  or  leaves.  It  may  consist  of  a  single  cell  or  an  aggregate  of 
cells  showing  little  differentiation  into  tissues.  Sex  organs,  when  present,  are 
typically  one  celled.  Spore-bearing  organs  single  celled. 

Subphylum  Algae  (Al'gae,  L.  alga,  a  seaweed).  Thallophytes  possessing 
chlorophyll  and  manufacturing  their  own  food  materials. 

CLASS  CYANOPHYCEAE  (Cy'an-o-phy'ce-ae,  Gr.  cyanos,  a  dark  blue 
sul)stance  +  phycos,  a  seaweed).  Commonly  called  blue-green  algae  since 
a  Idue  pigment  is  associated  with  the  chlorophyll.  A  red  pigment  is  some¬ 
times  present  in  addition  to  the  blue  so  that  the  plants  appear  reddish.  The 
Red  Sea  owes  its  color  to  one  of  these  organisms.  The  Cyanophyceae  are 
regarded  as  the  simplest  of  the  Algae  and  perhaps  are  the  most  primitive  of 
existing  plants.  There  is  no  distinct  nucleus  although  there  is  a  central  color¬ 
less  body  which  seems  to  take  its  place.  The  plant  body  consists  of  single  cells 
or  cells  adhering  to  form  filaments.  Examples:  Gleocapsa,  Aphanocapsa,  JVostoc, 
Anahaena  Oscillatoria  (Fig.  8:1). 

CLASS  CHLOROPHYCEAE  (Chlo'ro-phy'ce-ae,  Gr.  chloros,  light  green  + 
phycos,  a  seaweed).  Commonly  called  green  algae  because  of  their  color.  The 
chloro|)hyll  is  associated  with  another  green  pigment.  The  plant  body  is 
single  celled,  filamentous,  or  j)latelikc.  The  cells  have  definite  nuclei  and  the 
chlorophyll  is  contained  in  chloroplasts.  Most  of  the  Chlorophyceae  occur 
in  either  fresh  or  salt  water  but  some  arc  found  on  the  surface  of  the  soil  and 
one  form,  Protncoccus,  is  rcs|)onsiblc  for  the  green  patches  often  seen  on  the  bark 
of  trees.  Incln(l(‘(l  in  this  class  arc  the  microscopic  plants  called  diatoms  which 
are  common  in  fresh  water  and  play  an  important  role  in  the  life  of  the  open 


'  'Phr  (rrliniral  ((M  tns  used  in  desn  ihinR  the  different  groups  are  defined  m  the  text  where 
they  ,uay  he  fcnal  l)y  ecnsulling  the  index.  In  the  examples  generie  names  begm  with  a  capi¬ 
tal,  ( oinmon  n.imes  with  a  small  letter.  In  some  cases  the  common  names  include  more  tha 
the  ,nr.„hers  of  a  Hum,U'  g'-'ins,  e.g.,  diatoms,  desmids;  in  other  cases,  especially  among 
floweiing  plants  and  trees,  the  common  name  may  indicate  a  particular  species. 
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ocean.  Examples:  Protococcus,  Volvox  (Fig.  18:8),  Spirogyra,  Viva,  diatoms, 
desmids  (Fig.  8:6),  Chara,  Nitella. 

CLASS  PHAEOPHYCEAE  (Phae'o-phy'ce-ae,  Gr.  pliaios,  dusky  +  phycos, 
a  seaweed).  Commonly  called  brown  algae.  The  chlorophyll  is  associated 
with  a  brown  pigment.  Multicellular,  often  large  algae,  exclusively  marine, 
and  usually  found  between  tide  marks  where  they  are  the  commonest  sea¬ 
weeds,  the  class  includes  the  largest  and  most  highly  differentiated  of  the  algae. 
Some,  like  kelp,  are  said  to  reach  a  length  of  300  feet,  thus  rivaling  the  largest 
trees.  Examples:  rockweed  {Fucus)  (Fig.  8:7),  Sargassum  weed  (Sargassum), 
kelp  {Laminaria,  Nereocystis)  (Fig.  3:3). 

CLASS  RHODOPHYCEAE  (Rho'do-phy'ce-ae,  Gr.  rodon,  rose phycos, 
a  seaweed).  Commonly  called  red  algae.  The  chlorophyll  is  associated  with  a 
red  pigment.  Multicellular,  mostly  marine,  and  generally  found  below  low 
tide.  In  some  species  the  lx)dy  consists  of  fine,  delicate  branches  of  great 
beauty.  One  group  in  which  the  cell  walls  become  impregnated  with  calcium 
carbonate  plays  a  part  in  the  building  of  coral  reefs.  Example:  Polysi- 
phonia. 

Subphylum  Fungi  (Fun'gi,  h.Jungus,  a  mushroom).  Thallophytes  which  lack 
chlorophyll  and  except  in  the  case  of  certain  bacteria  live  as  saprophytes  or 
parasites. 

CLASS  SCHIZOMYCETES  (Schiz'o-my-ce'tes,  Gr.  schizein,  to  split  -f 
myces,  mycetos,  fungus).  Sometimes  called  fission  fungi,  more  frequently, 
bacteria.  Unicellular.  Without  a  visible  nucleus  and  without  pigment.  Bac¬ 
teria  occur  everywhere  where  there  are  living  things.  Many  are  beneficial  in 
causing  the  decay  of  organic  materials  and  making  new  life  possible,  others 
are  able  to  take  nitrogen  from  the  air  and  by  making  it  available  for  other 
plants  are  thus  important  in  agriculture,  still  others  are  the  cause  of  plant  and 
animal  diseases.  The  bacteria  are  considered  in  Chap.  9.  Example:  bacteria 
(Fig.  9:1). 

CLASS  MYXOMYCETES  (Myx'o-my-ce'tes,  Gr.  myxos,  slime  +  myces, 
mycetos,  fungus).  Plant  body  a  protoplasmic  mass  or  plasmodium  containing 
numerous  nuclei  but  not  divided  into  cells.  Found  on  decaying  leaves  and 
rotting  wood  where  they  form  slimy  masses.  Sometimes  claimed  by  zoologists 
as  animals  on  account  of  their  locomotion  by  pseudopodia  and  their  ability 
to  take  in  solid  food  particles.  Their  reproduction  is  plantlike  and  they  form 
spores  with  cellulose  walls.  Example:  slime  mold. 

CLASS  PHYCOMYCETES  (Phy'co-my-ce'tes,  Gr.  phycos,  a  seaweed  -p 
myces,  mycetos,  fungus).  Commonly  called  algal  fungi  because  of  their  resem¬ 
blance  to  certain  Algae,  especially  in  the  form  of  their  plant  body  whiclTc^- 
sists  of  fine  filaments  or  hyphae  and  in  their  method  of  reproduction.  The 
hyphae  are  multinucleate  and  not  divided  into  cells.  Some  species,  for  example 
the  bread  mold,  cause  decay  while  others,  like  the  downy  mildews,  cause  plant 
diseases.  Examples:  bread  mold  (Rhizopus)  (Fig.  8:9),  downy  mildews. 
CLASS  ASCOMYCETES  (As'co-my-ce'tes,  Gr.  askus,  a  sac  +  myces,  mycetos. 


THE  PLANT  KINGDOM  975 

fungus).  Commonly  called  sac  fungi.  The  plant  body  consists  of  branching 
hyphae  which  have  cross  walls  (septa).  Spores  are  produced  in  asci.  This  is  the 
largest  class  of  the  Fungi  containing  many  saprophytic  or  parasitic  species. 
In  the  curious  plants  called  lichens  which  really  consist  of  two  plants,  an  alga 
and  a  fungus  living  together,  the  fungus  partner  is  a  member  of  this  class. 
Examples:  yeast  {Saccharomyces)  (Fig.  8:14),  cup  fungi  {Peziza)  (Fig.  8:11), 
powdery  mildew  of  lilac  {Microsphaera) . 

CLASS  BASIDIOMYCETES  (Ba-sid'i-o-my-ce^tes,  L.  basidium  (see  below)  + 
myces^  mycetos^  fungus) .  Commonly  called  basidium-forming  fungi.  A  basidium 
is  a  special  cell  with  slender  branches  (usually  four)  on  the  ends  of  which  the 
spores  are  produced.  The  class  includes  the  smut  fungi  which  are  all  parasites 
and  occur  chiefly  on  grasses  and  the  common  cereals.  They  destroy  annually 
many  millions  of  dollars’  worth  of  corn,  oats,  barley,  wheat,  and  rye.  Also  in 
this  class  are  the  rust  fungi,  parasitic  forms  which  attack  seed  plants  including 
the  cereals  and  are  of  equal  if  not  greater  economic  importance  than  smut 
fungi.  Lastly  come  the  fleshy  and  woody  fungi  better  known  as  mushrooms, 
pufTballs,  and  shelf  fungi.  Examples:  smut  fungi,  rust  fungi  (Fig.  8:15),  mush¬ 
rooms  (Figs.  3:4,  8:16),  puffballs  (Fig.  39:7),  bracket  fungi. 

PHYLUM  BRYOPHYTA  (Bry-oph'y-ta,  Gr.  bryon,  moss  +  phyton^  plant) .  The 
division  includes  the  liverworts  and  mosses.  Small  plants  usually  found  in  moist 
regions.  The  life  cycle  shows  a  marked  alternation  of  sexual  and  asexual  genera¬ 
tions.  The  conspicuous  plant  is  the  sexual  or  gametophyte  generation  and  pro¬ 
duces  gametes.  The  zygote  is  parasitic  on  the  gametophyte  and  develops  into  an 
asexual  sporophytc  producing  spores. 

CLASS  HEPATICAE  (I Ic-pat'i-cae,  L.  hepar,  hepatis,  liver).  So  named  be¬ 
cause  of  the  shape  of  the  lobes  of  the  gametophyte  which  in  the  simpler  forms 
is  a  flattened  thallus.  These  plants  occur  in  moist  shady  places,  some  on  the 
ground,  some  on  rocks  usually  about  waterfalls  or  springs,  and  some  actually 
float  on  the  surface  of  the  water  in  marshes.  The  creeping  habit  of  the  simpler 
liverworts  suggests  the  way  in  which  land  plants  arose  from  algae  along  the 
margins  of  marshes.  In  the  more  highly  developed  forms  the  body  of  the  game- 
tophyte  is  differentiated  into  stem  and  leaves  (leafy  liverworts).  Example: 
liverworts  (f  igs.  10:1-10:4). 

CLASS  MUSCI  (Mus'd,  L.  muscus,  a  moss).  The  gametophyte  has  an  erect 
stem  and  spirally  arranged  leaves.  The  mosses  aie  the  most  familiar  and  most 
numerous  of  the  bryophytes.  Also  the  plant  bodies  of  both  the  gametophyte 
ami  sporophytc  generations  reach  their  highest  development  in  this  class  of 
the  division.  'I  ’hey  form  carpets  on  the  floors  of  forests  and  are  often  an  impor¬ 
tant  part  of  the  vegetation  of  rocky  lands  and  barren  wastes.  Example:  mosses 
(Figs.  3:5,  10:6  10:12). 

PHYLUM  PTERIDOPHYTA  (Pter'i-doph'y-ta,  Gv.  pteris,  pteridos,  a  fern  + 
t>hylnri,  a  plant),  'riiere  is  an  alternation  of  sexual  and  asexual  pierations  as  in  the 
bryoj)hyia.  OTie  conspicuous  plant  is  the  sporophytc  which  is  independent  and 
li,Ts1eaves  stein,  and  roots.  The  gametophyte  is  a  small,  short-lived,  independent 
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plant.  The  sperms  are  motile  and  water  is  required  for  fertilization  (Figs.  11:1- 
11:15). 

CLASS  FILICINEAE  (Firi-cin'e-ae,  L.  filix^  fern).  Commonly  called 
ferns.  The  familiar  fern  plant  consists  of  an  underground  stem  which  bears 
numerous  leaves  or  fronds.  Spores  are  formed  on  the  under  sides  of  the  fronds. 
They  develop  into  small  gametophyte  plants  consisting  of  a  thallus  bearing  sex 
organs.  The  zygotes  develop  into  young  fern  plants  (sporophytes)  which  are 
at  first  dependent  on  the  garnetophytes.  Ferns  are  by  far  the  commonest  group 
of  the  Pteridophytes.  They  reach  their  greatest  development  in  the  tropics 
where  they  may  attain  the  proportions  of  trees.  Such  tree  ferns  were  abundant 
in  the  Carboniferous  period  and  contributed  to  the  formation  of  the  coal  beds. 
Examples:  Pteris  (brachen  fern),  Marsilia^  Salvinia^  and  Azolla  (last  three  genera 
are  water  ferns)  (Figs.  3:6,  11 :1). 

CLASS  EQUISETINEAE  (Eq'ui-se-tin'e-ae,  L.  equus^  horse  +  seta,  bristle). 
Commonly  called  horsetails.  These  plants  are  usually  found  in  sandy  soil 
along  railway  tracks  or  the  margins  of  ponds.  They  arc  the  humble  sur\'ivors 
of  a  group  of  once  numerous  and  large  plants  which  helped  to  form  the  great 
forests  of  the  coal  age.  The  conspicuous  part  of  ihc  plant  consists  of  straight 
upright  jointed  stems  which  in  some  species  resemble  little  bamlxjo  plants  and 
in  others  lake  on  a  bushy  shape  with  numerous  branches.  Scalelike  leaves  circle 
the  stem  at  the  joints.  The  upright  stems  arise  from  creeping  underground 
stems.  :\i  the  lips  of  some  of  the  upright  stems  cones  arc  formed  consisting  of 
spore-bearing  leaves.  The  spores  develop  into  small  gametophyte  plants  which 
consist  of  a  thallus  l^earing  sex  organs.  Example:  horsetail  (E’^ww/wm)  (Fig. 
11:11). 

CLASS  LYCOPODINEAE  (Ly'co-po-din'e-ac,  Gr.  lycos,  wolf  pons,  podos, 
foot).  Commonly  called  club  mosses  or  ground  pines,  or  lycopods.  Certain 
species  are  common  in  our  northern  forests.  The  familiar  plant  consists  of  a 
creeping  stem,  often  buried  under  the  dead  leaves  of  the  forest  floor,  which 
gives  ofT  upright  stems  which  bear  cones.  The  leaves  are  small  like  those  of  a 
moss  and  arranged  spirally.  The  cones  consist  of  spore-bearing  leaves.  The 
garnetophytes  to  which  the  spores  give  rise  are  small,  rare,  inconspicuous 
plants.  Examples:  Lycopodium  (ground  pine)  (Fig.  11:12),  Selaginella  (club 
moss)  (Fig.  11:13). 

PHYLUM  SPERMATOPHYTA  (Sper'ma-toph'y-ta,  Gr.  sperma,  spermatos, 
seed  +  phyton,  a  plant).  Commonly  called  seed  plants.  This  division  contains  all 
the  common  herbs,  bushes,  and  trees  which  make  up  the  bulk  of  the  vegetation  of 
the  earth.  It  includes  all  of  the  flowering  plants  and  the  cone-bearing  trees  and 
shrubs.  The  cone  of  a  pine  tree,  although  very  different  in  appearance  from  the 
flower  of  a  lily,  is  essentially  similar.  Both  bear  spores  on  modified  leaves.  Two 
kinds  of  spores  are  formed.  One  kind,  the  pollen,  is  borne  on  the  stamens  of 
the  flower  and  on  the  staminate  scales  of  the  small  staminate  cones  of  the  pine 
and  gives  rise  to  minute  male  plants.  The  other  kind  is  borne  on  the  carpels  of 
the  flower  and  on  the  carpellate  scales  of  the  larger  carpellate  cones  of  the  pine 
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and  gives  rise  to  minute  female  plants.  The  male  plant  developed  from  the  pollen 
must  reach  the  female  plant  to  bring  about  fertilization.  This  is  usually  accom¬ 
plished  by  some  outside  agent,  such  as  wind  or  insects,  carrying  the  pollen  from 
one  plant  to  the  carpels  or  carpellate  scales  of  another.  The  eggs  in  the  female 
plants  are  then  fertilized  and  develop  into  embryos.  Development  is  then 
arrested  and  the  embryo  is  enclosed  in  protective  coverings  to  form  a  seed.  The 
development  of  seeds  is  a  method  of  reproducing  and  scattering  the  species  and 
is  an  adaptation  to  life  on  land. 

CLASS  GYMNOSPERMAE  (Gym'no-sper'mae,  Gr.  gymnos^  naked  + 
sperma^  a  seed).  This  subdivision  includes  most  of  our  large  evergreen  trees 
and  shrubs.  Cones  take  the  place  of  flowers  and  the  seeds  which  are  formed 
on  the  carpellate  cones  are  not  enclosed  in  an  ovary  as  in  the  flowering 
plants. 

ORDER  CY  CAD  ALES  (Cyc'a-da'les,  from  cycas^  a  cycad).  The  large  divided 
leaves  are  borne  on  the  top  of  a  short,  thick,  unbranched  stem  giving  to  the 
plant  a  palmlike  appearance.  The  seeds  are  borne  on  cones.  Motile  sperms 
are  formed  by  the  male  gametophyte  plants  after  the  pollen  has  reached 
the  carpellate  cone  scales  on  which  the  female  gametophytes  develop. 
Tropical  and  semitropical.  Examples:  cycads  (genera  Cycas  and  Z<^mia). 
ORDER  GINKGOALES  (Gink'go-a'les,  Japanese  ginkgo,  the  ginkgo  tree). 
Represented  by  the  peculiar  and  interesting  ginkgo  tree  (genus  Ginkgo), 
Example:  Maidenhair  tree  (Ginkgo). 

ORDER  CONIFER  ALES  (Co'ni-fer-a'les,  L.  conus,  a  cone  -\- ferre,  to  bear). 
Commonly  called  conifers.  This  order,  which  contains  most  of  the  gymno- 
sperms,  includes  nearly  all  of  the  common  evergreen  trees  and  shrubs. 
Great  forests  of  coniferous  trees  make  up,  especially  in  the  north  temperate 
lands,  a  large  portion  of  the  vegetation  of  the  earth.  The  cones  are  of  two 
kinds,  staminate,  which  produce  pollen,  and  carpellate,  which  bear  spores 
producing  female  gametophytes  and  eventually  seeds.  Examples,  pine 
{Pinus)  (Fig.  13:1),  spruce  {Picea),  fir  {Abies),  larch  (L«n>),  juniper  {Juni- 
perus),  Douglas  fir  (Pseudotsuga),  redwood  {Sequoia),  hemlock  {Tsuga).^ 
ORDER  GNETALES  (Gne-ta'lcs,  [com  gnetum,  the  gnetum  tree).  Climbing  or 
erect  shrui)s  or  small  trees.  The  single  genus  is  interesting  because  its  method 
of  rei)rodiiction  shows  many  resemblances  to  the  next  subdivision,  the 
Angiosperms.  "Fropical  or  semitropical.  Example.  Gnetum. 

CLASS  ANGIOSPERMAE  (An'gi-o-sper'mae,  Gr.  aggeion,  vessel  or  recep- 
taele  +  sperma,  a  .seed).  'Fhe  name  refers  to  the  seeds  being  enclosed  in  an 
ovary.  Commonly  called  flowering  plants.' 


'  li„ta.usts  havr  fou.xl  (hat  in  arranging  and  classifying  dowering  plants  the  family  is  the 
,u,sl  ,.s.dnl  gronp.  1  Inwrvrr  fnr  the  pnrposcs  of  showing  the  extent  of  variation  and  theevolu- 

i/,r.l  in  ll,r  fnllnwin,,.  .  lasMliratinn,  Ihr  .non- ro.nmon  fa.n, hes  being  f 

vi-hr,  in  ,lrtr, mine  the  nanirs  anil  families  nf  llnweis  is  advised  to  use  a  key,  picfeiably  one 
idapird  in  his  nwii  Inealily  or,  failing  ibat,  Gray's  Handbook  oj  Howmng  Plants.  S>cc  refeiences 
il  the  end  of  ( Iha|).  3. 
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Subclass  Dicotyledoneac  (Di-col'y-lc-do'nc-ac,  Gr.  dis^  twice  4-  cotyledon, 
the  name  given  to  a  seed  leaf).  Name  refers  to  there  being  two  seed  leaves. 
Leaves  generally  net  veined.  Parts  of  flower  (sepals,  petals,  stamens,  carpels) 
usually  in  fives,  fours,  or  twos. 

ORDER  RA.NALES  (Ra-na'les),  the  buttercup  order.  This  order  is  a  large 
one  and  is  by  many  regarded  as  lacing  nearest  to  the  primitive  stem  from 
which  all  flowering  plants  arose.  It  includes  both  woody  and  herbaceous 
plants.  The  typical  flower,  well  represented  by  the  buttercup,  has  separate 
sepals,  |x:tals,  stamens,  and  carpels  (i.e.,  is  complete)  although  petals  are 
sometimes  lacking  and  the  carpels  may  be  united.  The  carpels  are  numerous 
and  arranged  on  a  more  or  less  cone-shaped  axis  (receptacle).  1  he  order 
includes  the  Ranunculaccae  or  buttercup  family,  the  Anonaceae  or  papaw 
family,  the  Lauraceae  or  laurel  family,  .Magnoliaceac  or  magnolia  family, 
the  Berlx-ridaceae  or  Barberry  family,  and  the  Nymphaeceae  or  water-lily 
family. 

ORDER  MALVALES  (Mal-va'les,  L.  molva^  mallow).  The  mallow  order. 
A  common  order  including  herlxs,  shrubs,  and  trees.  Typically  the  flower 
resembles  that  of  a  buttercup,  Ixring  regular  and  hypogynous  with  separate 
sepals  and  petals  and  numerous  stamens  and  pistils.  The  order  includes 
the  Malvaceae  or  mallow  family,  the  Ulmaceae  or  elm  family,  and  the 
Urticaceae  or  nettle  family. 

ORDER  GERANIALES  (Ge-ra'ni-a'les,  from  geranium).  The  geranium  order. 
Herbs  or  shrubs.  Mowers  resembling  those  of  the  Malvales  but  with  fewer 
stamens  and  carpels,  Ixing  regular  and  hypog>'nous.  Sepals  five,  petals  five, 
stamens  five  to  ten,  car[>els  five  united.  The  order  includes  the  Geraniaceae 
or  geranium  family. 

ORDER  PAPA VER ALES  (Pa-pav'er-a 'les,  L.  papavrr,  poppy).  The  poppy 
order.  Usually  herbs.  Petals  and  sepals  usually  four,  carpels  two  or  more, 
ovary'  superior.  The  order  includes  the  Cruciferae  or  mustard  family,  and 
Papaveraceae  or  poppy  family. 

ORDER  CARYOPHVLLALES  (Car'y-o-phyl-la'les,  Gr.  cary'O,  nut  -h  phyllon, 
leaf).  The  pink  or  carnation  order.  Mowers  typically  with  stamens  and  pistil 
(i.e.,  perfect)  and  sepals  and  petals  (i.e.,  complete).  Usually  four  to  five 
sepals,  four  to  five  petals,  stamens  tuice  as  many  as  sepals,  single  pistil  com¬ 
posed  of  one  to  five  carpels.  Petals  may  be  absent.  The  order  includes  the 
Caryophyllaceae  or  pink  family,  the  Polygonaceae  or  buckwheat  family, 
and  the  Salicaceae  or  willow  family. 

ORDER  PRIMULALES  (Prim'u-la'les,  from  primrose).  The  primrose  order. 
Mostly  herbs.  Mowers  with  stamens  and  pistil  (i.e.,  perfect),  sepals  and 
petals  (i.e.,  complete),  regular  and  pentamerous.  Single  superior  pistil. 
Stamens  adnate  to  petals.  The  order  includes  the  Primulaceae  or  primrose 
family,  and  the  Plantaginaceae  or  plantain  family. 

ORDER  ERI GALES  (Er'i-ca^es,  L.  erice^  heath).  The  heather  order.  Usually 
shrubs,  often  with  leathery  leaves.  Flowers  regular,  perfect,  pentamerous. 
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sympetalous.  Ovary  superior.  The  order  includes  the  Ericaceae  or  heather 
family. 

ORDER  GENTIAN  ALES  (Gen'ti-a-na'les,  from  Gentiana,  the  gentian  genus). 
The  gentian  order.  Flowers  regular,  perfect,  usually  pentamerous,  ovary 
superior  and  formed  of  two  carpels.  Petals  are  lacking  in  the  Oleaceae. 
The  order  includes  the  Gentianaceae  or  gentian  family,  and  the  Oleaceae 
or  olive  family. 

ORDER  POLEMONIALES  (PoFe-mo'ni-a'les,  from  Polemonium,  the  genus 
of  the  Greek  valerian).  The  phlox  order.  Mostly  herbs  or  climbers.  Flowers 
typically  regular  but  irregular  in  some  families,  pentamerous,  sympetalous. 
Stamens  adnate  to  petals,  same  number  as  lobes  of  corolla  and  alternate  with 
them.  Ovary  superior,  formed  of  two  or  three  carpels.  The  order  includes 
the  Polemoniaceae  or  phlox  family,  the  Convolvulaceae  or  morning-glory 
family,  and  the  Boraginaceae  or  forget-me-not  family. 

ORDER  SCROPHULARIALES  (Scroph'u-la'ri-a'les,  from  the  genus  Scroph- 
ularia).  The  snapdragon  order.  Flowers  typically  irregular.  Stamens  less 
(two  or  four)  than  the  lobes  of  the  sympetalous  corolla.  Ovary  superior, 
formed  of  one  or  two  carpels.  The  order  includes  the  Scrophulariaceae  or 
snapdragon  family. 

ORDER  LAMIALES  (La'mi-a'les,  from  Lamium,  the  mint  genus).  The 
mint  order.  .Mostly  herbs,  flowers  irregular,  often  two-lipped.  Stamens 
two  or  four.  Ovary  superior,  two  celled,  often  deeply  four  lobed.  The  order 
includ(‘s  the  Labiatae  or  mint  family. 

ORDER  ROSALES  (Ro-sa'les,  L.  rosa,  a  rose).  The  rose  order.  Flowers  re¬ 
semble  those  of  the  Ranales  and  are  typically  perfect,  regular  to  irregular, 
polypetalous.  Perianth  pentamerous.  Stamens  indefinite  in  number  and  free, 
car|)els  few  to  many,  sej^arate  or  united.  A  large  order  with  many  families. 
'I  he  orch'i-  includes  the  Rosaccae  or  rose  family  and  the  Leguminosae  or 


Ijean  family. 

ORDER  MVRTALES  (.Myr-ta'les,  from  the  name  of  the  myrtle  genus, 
Myrtus).  \\\)(n\y  or  Iierbaceous  plants.  Flowers  regular  and  perfect,  ovary 
infei  ior,  stamens  usually  numerous.  The  order  includes  the  Myrtaceae  or 
myrtle  family  and  the  Onagraceae  or  evening-primrose  family. 

ORDER  CiACTAEES  ( ( lac-ta'les,  L.  each,  a  kind  of  prickly  plant).  Plants  of 
arid  regir,ns  with  lle.diy  or  woody  stems,  often  leafiess  and  green.  Flowers 
pel  feel,  usually  regular  with  numerous  sei)als  and  petals.  Ovary  inferior. 
Thf'  order  iiK  hides  the  (la('taceae  or  cactus  finnily. 

ORDER  CEEASTRALES  (( ;<d'as-t ra'les.  from  the  genus  Celastrus).  The  bitter¬ 
sweet  (,rder.  Mostly  trees,  shrubs,  or  woody  climl)crs.  Flowers  regular.  The 
order  iu(  lud<*s  the  ( lelastraceae  or  bittersweet  family,  and  the  Vitaceac  or 


tu  ape  lamilv. 

ORDER  SAPINDAEES  (Sap'in-da'l(‘s, 
mapl('  order.  I  ssually  tr('es  oi  shiubs. 
usually  regular.  1  lu!  ordt'r  iiuludis 


from  Sapindus,  the  soapberry).  The 
Idowers  numerous  and  small,  jx'rfect, 
the  .\ceraceae  or  majde  family,  the 
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Juglandaceae  or  walnut  family,  the  Fagaceae  or  oak  family,  and  the 
Bctulaceae  or  birch  family. 

ORDER  UMBELLALES  (Um'bel-la'les,  from  umbel ^  a  type  of  inflorescence). 
The  parsley  order.  Woody  or  herbaceous  plants.  Flowers  arranged  in 
umbels,  small,  perfect,  regular,  typically  tetramerous  or  pentamerous. 
Ovary  inferior.  The  leav^es  are  often  compound  and  more  or  less  finely 
divided.  The  order  includes  the  Cornaceae  or  dogwood  family,  and  the 
Umbelliferae  or  parsley  family. 

ORDER  RUBIALES  (Ru'bi-a'les,  L.  rubia^  madder).  The  madder  order. 
Woody  trees,  shrubs,  or  herbs  with  opposite,  usually  simple  leaves.  Flowers 
usually  in  a  cymose  inflorescence,  tetramerous  or  pentamerous,  sympetal¬ 
ous.  Stamens  adnate  to  petals.  Ovary  inferior.  The  order  includes  the 
Rubiaceae  or  madder  family. 

ORDER  CAMPANULALES  (Cam-pan'u-la'les,  L.  campanula^  a  little  bell). 
The  bluebell  order.  Mostly  herbs,  some  woody.  Flowers  in  a  racemose  in¬ 
florescence,  perfect,  sympetalous.  Ovary  inferior.  Anthers  often  form  a  tube. 
The  order  includes  the  Campanulaceae  or  bluebell  family. 

ORDER  ASTERALES  (/\s'ter-a'les,  L.  aster,  a  star).  The  aster  order.  The 
largest  order  of  flowering  plants.  Mostly  annual  or  perennial  herbs  but  a 
few  are  shrubs  or  low  trees.  Many  small  flowers  on  a  common  receptacle 
forming  a  head.  Corolla  tubular.  Stamens  adnate  to  corolla.  Ovary  inferior. 
The  order  includes  the  family  Compositae  often  called  composites. 
Subclass  Monocotyledoneae  (Mon'o-cot'y-le-don'e-ae,  Gr.  monos,  one  + 
cotyledon,  seed  leaf).  The  name  refers  to  there  being  one  seed  leaf.  The  leaves 
are  generally  parallel  veined.  Parts  of  flower  usually  in  threes. 

ORDER  ALISMALES  (Al'is-ma'les,  Gr.  alisma,  water  plantain).  The  water 
plantain  order.  Herbs  found  chiefly  in  marshes  and  ponds.  Flowers  without 
calyx  or  corolla  or  with  a  conspicuous  perianth.  Carpels  one  to  many,  sepa¬ 
rate,  superior.  The  order  includes  the  Alismaceae  or  water  plantain  family, 
the  Typhaceae  or  cattail  family,  the  Najadaceae  or  pondweed  family,  and 
the  Pontederiaceae  or  pickerelweed  family. 

ORDER  LILIALES  (Lil'i-a'les,  L.  lilium,  a  lily).  The  lily  order.  Generally 
herbs  which  are  perennial  by  means  of  a  bulb  or  underground  stem,  rarely 
shrubs  or  trees.  Flowers  usually  regular  and  with  the  parts  in  threes. 
Ovary  usually  three  celled.  The  order  includes  the  Liliaceae  or  lily  family. 
ORDER  ARALES  (A-ra'les,  L.  arum,  the  arum  “lily”).  The  arums  and  duck¬ 
weeds.  Mostly  tropical  herbs  which  often  attain  a  considerable  size.  Leaves 
generally  large,  often  branched.  Flowers  small  and  inconspicuous  in  an  often 
huge  inflorescence.  The  order  includes  the  Araceae  or  arum  family,  and  the 
Lemnaceae  or  duckweed  family. 

ORDER  PALMALES  (Pal-ma'les,  L.  palma,  a.  palm).  The  palm  order.  Tropi¬ 
cal  trees.  Stem  unbranched  with  a  crown  of  large  leaves.  Flowers  small  in  a 
usually  much-branched  inflorescence  enclosed  in  a  huge  spathe.  The  order 
includes  the  Palmaceae  or  palm  family. 
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ORDER  GRAMINALES  (Gra'mi-na'les,  L.  gramen,  gramims^  grass).  The 
grasses  and  sedges.  Annual  or  perennial  herbs.  Stem  slender,  with  elongated 
intemodes  and  alternate,  linear,  parallel-veined  leaves  divided  into  sheath 
and  blade.  Flowers  small,  naked,  or  with  a  perianth  represented  by  scales 
or  hairlike  structures.  About  eight  hundred  species.  Economically  they  are 
the  most  valuable  group  of  plants  since  they  arc  the  principal  source  of  food 
for  man  and  domestic  animals.  The  order  includes  the  Gramineae  or  grass 
family  and  the  Cyperaceae  or  sedge  family. 

ORDER  IRIDALES  (Tri-da'les,  L.  zVzV,  a  sweet-smelling  plant).  Flowers  are 
regular  and  the  ovary  is  inferior.  The  order  includes  the  Amaryllidaceae 
or  amaryllis  family  and  the  Iridaceae  or  iris  family. 

ORDER  ORCHID  ALES  (Or'chi-da'les,  Gr.  orchis^  a  testicle).  The  orchid 
order.  The  name  refers  to  the  tubers  of  the  genus.  Orchis.  Perennial  herbs. 
The  flowers  are  irregular  and  in  many  cases  show  intricate  adaptation  to 
insect  pollination.  Stamens  reduced  to  one  or  two  and  united  with  pistil. 
The  order  includes  the  Orchidaceae  or  orchid  family. 


APPENDIX  B 


The  Animal  Kingdom 
and  Its  Subdivisions 


PHYLUM  PROTOZOA  (Pro'to-zo'a,  Gr.  protos,  first -f  Coon,  animal). 
Small  animals  consisting  of  a  single  cell  or  colonics  of  single  cells  or  of  protoplasm 
which  docs  not  show  a  division  into  cells.  Protozoa  occur  in  fresh  water,  the  sea, 
the  soil,  and  as  parasites  in  other  animals.  The  phylum  is  divided  into  four 
classes  largely  on  a  basis  of  method  of  locomotion  and  protoplasmic  structure. 
CLASS  SARCODINA  (Sar'co-di'na,  Gr.  sarx,  flesh  +  eidos^  like).  Slow-moving 
protozoa  in  which  the  locomotion  is  brought  alxiut  by  means  of  pscudopodia. 
The  body  shape  is  irregular  and  changing,  the  protoplasm  being  limited  only 
by  a  delicate  plasma  membrane.  One  of  the  best  known  is  Amoeba  (Figs.  3:10, 
18:1,  18:3).  This  genus  occurs  both  in  fresh  water  and  in  the  sea.  The  Fora- 
minifera  (Fig.  18:6)  are  a  large  group  of  the  Sarcodina  which  form  minute, 
often  snaillike  shells.  So  abundant  have  these  organisms  been  in  certain 
geological  periods  that  some  calcareous  rocks  consist  almost  entirely  of  their 
shells.  Another  important  group  of  this  class  are  the  Radiolaria.  These  animals 
form  beautiful  internal  skeletons  which  in  many  cases  are  composed  of  silica. 
The  floor  of  the  deep  parts  of  the  great  oceans  is  covered  with  their  dead 
skeletons  which  form  a  radiolarian  ooze.  There  are  also  parasitic  Sarcodina, 
the  best  known  genus  being  Endamoeba  (Fig.  18:5).  One  species  {E.  coli)  occurs 
as  a  harmless  parasite  in  man  while  another  {E.  histolytica)  causes  the  amoebic 
dysentery^  of  the  tropics. 

CLASS  MASTIGOPHORA  (Mas-ti-goph'o-ra,  Gr.  mostix^  whip  +  phereiv,  to 
bear).  Often  called  flagellates.  Usually  small,  rapidly  moving  protozoa  in 
which  the  chief  method  of  locomotion  is  by  means  of  flagella.  The  body 
usually  retains  a  more  or  less  definite  shape  due  to  a  cuticle  covering  the 
plasma  membrane.  Euglena  (Fig.  18:7)  is  a  relatively  large  form  which  occurs 
in  fresh  water.  Colonial  forms  in  which  a  number  of  individuals  are  united 
are  common.  One  of  these  is  Volvox  (Fig.  18:8)  which  occurs  in  fresh  water 
as  beautiful  green  spheres  visible  to  the  naked  eye.  Much  of  the  phosphores¬ 
cence  which  makes  the  path  of  a  vessel  at  sea  white  at  night  is  due  to  myriads 
of  Dinoflagellates.  Many  animals  harbor  flagellate  parasites.  The  best  known 
genus  is  Trypanosoma  (Fig.  18:9),  one  species  of  which,  T.  gambiensis,  may 
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pass  part  of  its  life  cycle  in  the  human  blood  and  cause  the  frequently  fatal 
disease  known  as  African  sleeping  sickness. 

CLASS  INFUSORIA  (In'fu-so'ri-a,  E.,  infusion).  Called  also  ciliates.  Active 
protozoa  moving  by  means  of  cilia  and  retaining  a  fairly  fixed  body  form.  Cilia 
are  slender  protoplasmic  extensions  which  differ  from  flagella  in  being  fairly 
rigid,  moving  in  a  fixed  plane,  and  usually  much  more  numerous  on  any  par¬ 
ticular  animal.  Like  the  Mastigophora  the  body  of  the  Infusoria  is  covered 
by  a  cuticle  or  pellicle.  There  is  usually  a  definite  mouth  through  which  food 
particles  are  taken  into  the  body  and  a  definite  anus  through  which  the 
undigested  portions  are  extruded.  Typically  the  nucleus  consists  of  two  parts, 
a  macronucleus  which  controls  the  vegetative  activities  of  the  animal  and  a 
micronucleus  which  plays  an  important  role  in  sexual  reproduction.  Infusoria 
are  abundant  in  both  fresh  and  salt  water  and  occur  frequently  as  parasites 
in  other  animals.  One  of  the  best  known  is  Paramecium  (Figs.  18:10,  18:11- 
18:12),  the  slipper  animalcule  of  fresh-water  ponds  and  hay  infusions.  Other 
common  genera  also  occurring  in  fresh  water  are  Stentor,  Stylonychia,  Carchesiam, 
and  Vorticella  (Fig.  18:15). 

CLASS  SPOROZOA  (Spo-ro-zo'a,  Gr.  sporos,  spore  +  zoon,  animal).  Para¬ 
sitic  Protozoa  which  live  in  the  tissues  of  other  animals  which  act  as  hosts. 
Except  in  certain  stages  of  the  life  cycle  they  are  incapable  of  locomotion. 
Reproduction  is  by  means  of  spores.  Often  there  is  more  than  one  host  and  the 
life  cycle  cannot  be  completed  without  the  transfer  of  the  parasite  from  host 
to  host.  One  order,  Grcgarinida,  is  especially  common  as  parasites  of  lower 
animals  (invertebrates),  particular  insects;  another,  Coccidia,  is  parasitic 
mostly  in  higher  animals  (vertebrates) ;  while  a  third,  Haemosporidia,  is 
parasitic  in  the  blood  of  vertebrates.  The  latter  includes  the  well-known 
malarial  parasite,  Plasmodium  (Fig.  18:16),  which  causes  malaria  in  man. 
PHYLUM  PORIFERA  (Po-rif'e-ra,  L.  porus,  pore  ferre,  to  bear).  These 
animals,  commonly  called  sponges,  are  irregular  in  shape  and  in  the  adult  stage 
arc  usually  attached  to  rocks  or  other  objects  in  the  water.  There  are  a  few  fresh¬ 
water  sponges  but  most  species  are  marine.  The  outer  surface  of  the  body 
contains  numerous  fine  pores  (hence  the  scientific  name)  which  communicate 
with  canals  leading  into  a  gastral  cavity  which  in  turn  leads  to  the  outside  by  a 
larger  opening  known  as  the  osculum.  Water  enters  by  the  pores  and  after  pass- 
ing  through  the  gastral  cavity  passes  out  by  the  osculum.  The  current  of  water 
is  maintained  by  peculiar  llagellatcd  cells  called  collar  cells  on  account  of  the 
collar  surrounding  (he  attached  part  of  the  flagellum.  The  skeleton  consists  of 
microseo|)ic  spicules  interwoven  to  form  the  structure  recognized  as  a  sponge 
when  (he  living  matter  is  removed.  There  are  many  species  of  sponges.  They 
differ  chiefly  in  the  form  of  (he  gastrula  cavity  and  the  composition  and  structure 
of  die  spicules.  About  a  dozen  difTerent  species  arc  used  for  bath  sponges  (Figs. 
3-11  25:2). 

PHYLUM  COELENTERATA  (Goe-lcn'te-ra'ta,  Gr.  cofK  hoWov^  enter  a, 
iniesliues).  dhes<‘  animals  are  radially  symmetrical  and  possess  a  central  gastro- 
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vascular  cavity  or  coelenteron  opening  to  the  exterior  by  a  mouth  usually  sur¬ 
rounded  by  tentacles.  The  body  consists  of  only  two  layers  of  cells,  the  ectoderm, 
or  epidermis,  and  the  endoderm,  or  gastrodermis,  separated  by  a  noncellular 
layer  of  jelly.  Scattered  especially  in  the  ectoderm  are  stinging  cells  or  nemato- 
cysts. 

CLASS  HYDRO ZOA  (Hy'dro-zo'a,  Gr.  hydra^  Hydra  +  zoon^  animal). 
The  individual  polyps  are  small  but  often  form  colonies  of  considerable  size. 
The  body  of  the  polyp  is  the  simplest  found  in  the  phylum  Coelenterata. 
There  is  no  gullet  and  the  mouth  opens  directly  into  a  saclike  coelenteron  or 
gastrovascular  cavity  which  is  not  divided.  There  is  usually  an  alternation 
of  generations.  The  polyps  reproduce  asexually  by  budding  to  form  medusae 
or  jellyfish.  The  medusae  are  bell-shaped  and  are  distinguished  from  those 
of  the  Scyphozoa  by  the  possession  of  a  velum  or  membrane  extending  inward 
from  the  margin  of  the  bell.  The  mouth  is  on  the  end  of  a  manubrium  which 
hangs  down  from  the  center  of  the  bell  like  a  clapper.  The  medusae  reproduce 
sexually,  the  eggs  and  sperms  arising  from  ectodermal  cells.  In  the  fresh-water 
hydra,  which  is  commonly  used  as  a  lalx)ratory  type,  there  is  no  alternation 
of  generations,  the  solitary  polyps  producing  IxDth  eggs  and  sperms  which 
unite  to  form  a  zygote  which  passes  through  a  short  larval  stage  (planula)  to 
develop  into  a  new  polyp.  Examples:  Hydra  (Fig.  2:7),  Obelia  (Fig.  19:2), 
Goneonemus  (Fig.  19:3),  Physalia. 

CLASS  SCYPHOZOA  (Scy'pho-zo'a,  Gr.  skyphos,  cup  -f  zoon^  animal).  In 
this  class  the  conspicuous  stage  is  a  medusa  or  jellyfish,  sometimes  of  large  size. 
The  coelenteron  is  somewhat  more  complicated  than  that  of  the  Hydrozoa 
and  consists  of  a  series  of  branched  radial  canals  united  by  a  circumferential 
canal.  There  is  no  v'elum.  The  medusa  reproduces  sexually,  the  eggs  and  sperm 
being  formed  from  endodermal  cells.  The  zygote  may  develop  directly  into  a 
new  medusa  or  there  may  l)e  a  relatively  small  and  inconspicuous  stage  cor¬ 
responding  to  the  polyp  of  the  Hydrozoa  from  which  medusae  are  budded  off. 
A  common  form  is  the  large  marine  jellyfish,  Aurelia  (Figs.  19:5,  19:6). 
CLASS  ANTHOZOA  (An'tho-zo'a,  Gr.  anlhos^  flower  +  zoon^  animal).  The 
individuals  are  often  of  fair  size  and  occur  either  singly  or  combined  to  form 
colonies.  All  known  species  are  marine.  The  mouth  leads  into  a  gullet  lined 
with  epidermis.  The  coelenteron  is  partitioned  by  endodermic  membranes 
called  mesenteries  extending  radially  from  the  gullet  to  the  body  wall.  The 
polyps  reproduce  sexually,  eggs  and  sperm  being  formed  from  endodermal 
cells  located  in  reproductive  organs  on  the  mesenteries.  There  is  no  alternation 
of  generations.  The  zygote  develops  into  a  small  ciliated  organism  (planula) 
which  becomes  attached  to  a  rock  or  other  aquatic  object  and  develops  into 
a  new  polyp.  Examples:  sea-anemones  (Figs.  3:12,  19:7),  corals  (Fig.  19:8). 
PHYLUM  PLATYHELMINTHES  (Plat'y-hel-min'thes,  Gr.  plains,  flat  + 
helmins,  helminthes,  worm).  Commonly  referred  to  as  flatworms.  The  body  is  elon¬ 
gate  and  wormlike  but  not  divided  into  segments.  It  is  bilaterally  symmetrical 
with  anterior  and  posterior  ends.  In  addition  to  ectodermal  and  endodermal 
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layers  there  is  a  middle  layer  of  mesoderm.  The  cells  are  differentiated  into 
tissues  forming  organs.  The  animals  occur  in  fresh  and  salt  water,  on  land, 
and  as  parasites  in  other  animals. 

CLASS  TURBELLARIA  (Tur'bel-la'ri-a,  L.  turbo,  a  whirling  [motion]). 
Commonly  referred  to  as  planar ians.  Free-living  flatworms  with  flat  oval 
bodies  which  move  through  the  water  with  a  graceful  undulating  motion 
which  is  produced  by  ciliated  epidermal  cells  which  cover  the  body.  They 
are  especially  common  among  the  vegetation  of  fresh-water  ponds  and  the 
seashore.  The  mouth  is  on  the  ventral  surface  and  there  is  often  a  muscular 
pharynx  which  can  be  extruded  to  capture  prey.  Examples :  Planaria,  Dendro- 
coelum  (Figs.  3:13,  20:1). 

CLASS  TREMATODA  (Trem'a-tod'a,  Gr.  trematodes,  having  holes  [i.e., 
suckers]).  Commonly  called  flukes.  Parasitic,  No  cilia  in  adult  stage.  A  diges¬ 
tive  cavity  but  no  anus.  Syckers  on  ventral  surface.  Example:  liver  fluke  of 
sheep  (Fasciola)  (Fig.  20:6). 

CLASS  CESTODA  (Ces'tod-a,  Gr.  cestos,  girdle  +  eidos,  like).  Commonly 
called  tapeworms.  Parasitic.  No  mouth  or  alimentary  canal.  The  tapeworm 
(best  considered  as  a  colony)  consists  of  a  series  of  segments  (individuals) 
called  proglottids  budded  off  from  a  head  or  scolex.  Example :  pork  tapeworm 
(Taenia)  (Figs.  20:8-20:10). 

CLASS  NEMERTINEA  (Nem'er-ti'nea,  Gr.  nemertes,  unerring).  Often  called 
nemertian  worms.  Mostly  free  living  and  marine.  Alimentary  canal  with 
mouth  and  anus.  There  is  a  long  proboscis  separate  from  the  alimentary  canal 
which  is  retracted  into  a  sheath  from  which  it  is  extruded. 


PHYLUM  NEMATHELMINTHES  (Nem'a-thel-min'thes,  Gr.  thread + 
helmins,  helminlhes,  worm).  Commonly  called  roundworms.  The  body  is  bilater¬ 
ally  symmetrical  and  not  segmented.  The  digestive  tract  is  a  long  tube  with 
mouth  and  anus.  The  animals  occur  in  fresh  and  salt  water,  the  soil,  and  as 
parasites  in  the  bodies  of  other  animals  and  plants.  Examples:  vinegar  eel, 
hookworm,  roundworm  of  the  horse  (Ascaris),  Trichina  (Figs.  3.14,  21.1). 
PHYLUM  ROTIFERA  (Ro-tif'e-ra,  L.  rota,  wheel +>rr^,  to  bear).  Com¬ 
monly  called  rotifers  or  wheel  animalcules  because  of  the  arrangement  of  the 
cilia  in  two  circular  bands  near  the  mouth.  Microscopic,  free-living,  fresh-water, 
multicellular,  unsegmented  animals  with  jaws  inside  the  pharynx  and  usually 
the  hind  end  developed  into  a  foot  for  temporary  attachment  (Figs.  3:15,  25:6). 
PHYLUM  BRYOZOA  (Rry'o-zo'a,  Gr.  hryon,  moss  A- zoon,  animal).  Com¬ 
monly  called  moss  animals.  Found  in  colonies  usually  attached  to  plants,  rocks, 
or  the  shell  of  other  animals.  The  individual  animals  are  minute,  attached, 
arjuatie  forms,  but  they  usually  form  colonies  of  plainly  visible  size.  Alimentary 

canal  IJ-shaped  (Fig,':.  3 :1 6,  25 :7).  ^  ,  l-  a 

PHYLUM  BRACHIOPODA  (Brach'i-opVda,  Gr.  brachion,  ^rm  +  pous, 

/W„r,  foo.).  ( loMunonly  <  nll.-<l  lamp  shells  from  the  resemblance  of  their  shells  to 
Il„.  |„in,i(ive  Iy|><-  of  lamp.  Rody  covered  by  a  vivalve  shell,  one  valve  ventral, 
the  otlu'r  dorsal  (I'ig.  25:8), 
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PHYLUM  ECHINODERMATA  (E-chi'no-der'ma-ta,  Gr.  echinos,  sea  urchin 
H-  derma^  skin).  The  name  refers  to  the  spines  which  often  cov^r  the  surface. 
The  body  is  radially  symmetrical,  usually  on  a  pattern  of  five,  and  is  supported 
by  a  skeleton  of  plates.  locomotion  is  by  means  of  tube  feet.  They  occur  only 
in  the  sea. 

CLASS  ASTEROIDEA  (As'ter-oi'de-a,  Gr.  aster,  star  +  eidos,  like).  Com¬ 
monly  called  starfishes.  Typically  with  five  arms  not  sharply  marked  off  from 
a  central  disc.  Starfish  {Asterias)  (Fig.  39:40). 

CLASS  OPHIUROIDEA  (O'phi-u-roi'de-a,  Gr.  ophis,  snake  +  oura,  tail  -f 
eidos,  like).  Commonly  called  brittle  stars.  Typically  five  arms  sharply  marked 
off  from  a  central  disc. 

CLASS  ECHINOIDEA  (Ech'i-noi'de-a,  Gr.  echinus,  sea  urchin  -f  eidos,  like). 
Commonly  called  sea  urchins.  Without  arms,  spherical,  heart  shaped  or  disc 
shaped  (Fig.  3:17). 

CLASS  HOLOTHURIOIDEA  (Hol'o-thu'ri-oi'de-a,  Gr.  holothurion,  holo- 
thurian  T  eidos,  like).  Commonly  called  sea  cucumbers.  Shaped  like  a 
cucumber.  Skeletal  plates  small  and  separated  making  the  body  flexible. 
CLASS  CRINOIDEA  (Cri-noi'de-a,  Gr.  crinon,  lily  -f  eidos,  like).  Sea  lilies. 
Arms  branched,  central  disc  with  stalk  for  attachment.  Mostly  deep-sea  forms 
and  fossils  (Fig.  40:4). 

PHYLUM  MOLLUSCA  (Mol-lus'ca,  L.  molluscus,  soft  bodied).  Commonly 
called  mollusks.  Soft-bodied  animals  often  covered  with  a  protective  shell  of 
calcium  carbonate.  They  move  by  means  of  a  muscular  organ,  the  foot.  All  ex¬ 
cepting  some  snails  and  slugs  live  in  water  and  most  are  marine. 

CLASS  AMPHINEL^RA  (.‘\m'phi-neu'ra,  Gr.  amphi,  both  -\-*neuron,  nerve). 
Commonly  called  chitons.  Flattened  bilateral  mollusks  in  which  the  shell 
consists  of  eight  transverse  plates.  E.xample:  chiton  {Chiton)  (Fig.  39:39). 
CLASS  GASTROPODA  (Gas-trop'o-da,  Gr.  gaster,  stomach  -f  pous,  podos, 
foot).  Commonly  called  snails  or  slugs.  Usually  a  single  coiled  shell,  some¬ 
times  (slugs)  no  shell.  Examples:  land  snails  (Fig.  3:18),  nudibranches  or  sea 
slugs,  boat  shells,  periwinkles,  water  snails,  oyster  drill  (Fig.  39:38),  peri¬ 
winkles  (Fig.  39:42),  slugs  (Fig.  39:9),  conch  {Busycon)  (Fig.  39:54). 

CLASS  CEPHALOPODA  (Ceph'a-lop'o-da,  Gr.  kephale,  head  -f-  pous,  podos, 
foot).  Commonly  called  cephalopods.  There  is  a  well-developed  head  with 
large  eyes  surrounded  by  long  prehensile  tentacles.  Exclusively  marine.  Ex¬ 
amples:  squid  (Fig.  39:56),  octopus,  devilfish,  nautilus,  and  fossil  forms  (Figs. 
40:4,  40:5). 

CLASS  PELECYPODA  (Pel'e-cyp'o-da,  Gr.  pelekus,  hatchet  +  pous,  podos, 
foot).  Commonly  called  bivalves.  Shell  consists  of  two  lateral  “v^alves.” 
Examples:  oyster,  scallop  (Fig.  39:53),  clam  (Fig.  39:50),  mussel  (Fig. 
39:37). 

PHYLUM  ANNELIDA  (An-neFi-da,  L.  annulus,  ring).  Commonly  called 
segmented  worms.  The  body,  which  is  bilaterally  symmetrical  and  wormlike 
in  shape,  is  composed  of  a  longitudinal  series  of  transverse  segments  which 
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appear  as  transverse  rings  on  the  exterior.  They  occur  in  fresh  and  salt  water 
and  in  the  soil. 

CLASS  CHAETOPODA  (Chae-top'o-da,  Gr.  chaite^  hair  -f  pous^podos^  foot). 
Annelids  with  either  stiff  hairlike  projections  (setae)  or  fleshy  outgrowths  of 
the  body  wall  (parapodia)  or  both. 

ORDER  POLYCHAETA  (Pol'y-chae'ta,  Gr.  polus,  many  -T  chaite^  hair). 
Commonly  called  polychaetes.  Mostly  marine  worms.  With  fleshy  out¬ 
growths  called  parapodia.  Examples:  clamworm  {Nereis)  (Fig.  39:52), 
Amphitrite  (Fig.  3:19). 

ORDER  OLIGOCHAETA  (Ol'i-go-chae'ta,  Gr.  oligos^  few  +  chaite^  hair). 
Commonly  called  oligochaetes.  Mostly  fresh  water  or  terrestrial.  Setae 
but  no  parapodia.  No  distinct  head.  Example:  earthworm  {Lumbricus) 
(Fig.  22:1). 

CLASS  HIRUDINEA  (Hir'u-din'e-a,  L.  hirudo,  leech).  Commonly  called 
leeches.  No  setae  or  parapodia.  Body  consists  of  32  segments.  Two  suckers, 
one  surrounding  the  mouth,  the  other  at  the  tail  end. 

PHYLUM  ARTHROPODA  (Ar-throp'o-da,  Gr.  ar//zron,  joint 
foot).  Commonly  called  arthropods.  The  body  is  enclosed  in  an  outer  hard 
chitinous  covering  or  exoskeleton  which  is  jointed  to  allow  movement  and  is 
bilaterally  symmetrical  and  segmented  like  that  of  annelids;  the  segments  are 
more  differentiated  however,  so  that  a  head,  thorax,  and  abdomen  can  usually 
be  distinguished.  Arthropods  are  the  most  numerous  in  species  of  all  the  phyla. 
CLASS  CRUSTACEA  (Crus-ta'ce-a,  L.  crusta,  hard  outer  surface).  Ar¬ 
thropods  which  usually  spend  their  entire  life  in  water  and  breathe  by  means 
of  gills.  Examples:  copepods,  fish  lice,  barnacles  (Fig.  39:36),  crayfish  (Fig. 
39:32),  Ihppa  (Fig.  39:48),  crabs  (Figs.  39:43,  39:51),  lobsters  (Fig.  39:55), 
shrimps,  sow  “bug”  (Fig.  39:9). 

CLASS  TRILOBITA  (Tri'lo-bi'ta,  L.  tri,  three  +  lobos,  lobe).  Extinct  ma¬ 
rine  arthropods  \vhich  were  very  numerous  in  early  geologic  time  (Fig.  40:4). 
CLASS  ONYCHOPHORA  (On'y-choph'o-ra,  Gr.  onus,  onuchos,  daw  + 
pherein,  to  bear).  Peculiar  wormlike  arthropods  which  show  a  relationship 
to  the  Annelida.  There  are  only  a  few  species,  all  of  which  live  on  land  in  the 


tropics.  ^  1  c  \ 

CLASS  CHILOPODA  (Chi-lop'o-da,  Gr.  cheilos,  \i^  A- pous,  podos,  tootj. 

CVinmionly  called  centipedes.  Body  flattened.  Segments,  except  those  of  the 
head  and  tail,  siinihir  and  each  bearing  one  pair  of  legs.  In  moist  dark  places 


living  on  \'cg(‘(al)l(’  matter  (I'ig.  3:20).  j  c  \ 

CLASS  DIPLOPODA  (l)i-plop'o-da,  Gr.  diploos,  double  +  pous,  podos,  loot;. 
Cmnmonly  eall<-d  millipedes.  Bodv  cylindrical,  apparent  segments  except 
tho.se  of  the  head  and  tail  similar  and  each  bearing  two  pairs  of  legs.  (Each 
appttrent  segment  is  really  two  segments.)  In  moist  dark  places  living  on  vege- 

CI  AS.^IN.SECTA  (In-see'ta,  L.  imeclKS,  divided  [body]).  Arthropods  which 
|„,„;he  air  by  means  ofair  tubes  or  tracheae.  The  body  of  the  adult  is  usually 
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divided  into  head,  thorax,  and  abdomen.  Head  bears  one  pair  of  antennae. 
I'he  thorax  bears  three  pairs  of  legs  and  usually  two  pairs  of  wings.  The  more 
highly  developed  groups  of  insects  pass  through  a  metamorphosis  or  change 
of  form  in  their  life  cycle,  the  young  animal  or  larva,  often  called  grub  or 
worm,  being  quite  different  in  its  structure  and  mode  of  life  from  the  adult. 
To  effect  the  change  from  larv'a  to  adult  the  animal  may  go  into  a  quiescent 
stage  forming  a  pupa  or  cocoon.  There  are  more  species  of  insects  than  of  all 
other  animals  put  together.  The  characters  most  commonly  used  in  classifying 
insects  are  type  of  metamorphosis,  wings,  and  mouth  parts.  Some  insects  go 
through  their  life  cycle  without  a  metamorphosis  (ametabolic),  the  larva  being 
similar  to  the  adult.  Others  have  a  gradual  or  partial  metamorphosis  (hemi- 
metabolic),  the  young  animals,  known  as  nymphs^  changing  gradually  into 
adults  without  any  resting  or  pupal  stage.  Still  others  have  a  complete  meta¬ 
morphosis  (holometabolic),  the  larva  forming  a  pupa  or  cocoon  in  which  it 
undergoes  an  extensive  reorganization  into  the  adult  which  is  often  very  dif¬ 
ferent  from  it  not  only  in  structure  but  in  mode  of  life.  Typically  an  insect  has 
two  pairs  of  wings.  These,  however,  may  be  absent  or  there  may  be  only  a 
single  pair.  Further,  lx)th  pairs  may  be  membranous  (dragonflies)  or  the  front 
pair  may  be  parchmentlike  (grasshoppers),  or  form  a  protective  covering 
(beetles),  or  both  pairs  may  be  covered  with  scales  (butterflies  and  moths). 
The  mouth  parts  may  lx;  adapted  for  chewing,  piercing  and  sucking,  sucking 
only,  or  vestigial  (i.e.,  reduced  to  such  an  extent  as  to  be  useless)  (Fig. 
24:9). 

ORDER  THYSANURA  (Thys'a-nu'ra,  Gr.  thysanos,  tassel  -f-  oura^  tail).  Com¬ 
monly  called  bristletails.  Primitive  wingless  insects  with  larv  al  stages  resem¬ 
bling  adults.  Chewing  mouth  parts.  Eleven  abdominal  segments.  Usually 
two  or  three  long,  thin,  caudal  appendages.  Found  under  bark,  among  dead 
leaves,  etc.,  and  in  buildings.  Examples:  silverfish,  firebrat. 

ORDER  COLLEMBOLA  (Col-lem'bo-la,  Gr.  colla^  glue  -f  embolon^  P^g)- 
Commonly  called  springtails.  \’ery  small,  often  microscopic,  primitive, 
wingless  insects  with  larv'al  stage  resembling  adult.  Chewing  or  sucking 
mouth  parts,  six  abdominal  segments.  Springing  organ  on  ventral  side  of 
fourth  abdominal  segment.  E.xamples:  snowfleas,  garden  fleas. 

ORDER  ORTHOPTERA  (Or-thop'te-ra,  Gr.  orthos^  straight  +  pteron,  wing). 
Commonly  called  grasshoppers,  locusts,  etc.  Metamorphosis  is  gradual, 
the  larvae  being  known  as  nymphs.  Usually  two  pairs  of  wings,  the  fore¬ 
wings  hard  and  straight,  the  hind  wings  folding  under.  Chewing  mouth 
parts.  Most  are  vegetable  feeders  but  some  are  carnivorous.  Widely  distrib¬ 
uted.  Examples:  walking-stick  insects,  mantids,  cockroaches,  crickets,  grass¬ 
hoppers  (Figs.  3:21,  23:13). 

ORDER  ISOPTERA  (I-sop'te-ra,  Gr.  isos^  equal  +  pteron,  wing).  Commonly 
called  termites  or  white  ants.  Small  social  insects  often  mistaken  for  true 
ants.  Metamorphosis  gradual,  larvae  somewhat  resembling  parents,  no 
pupal  stage.  Chewing  mouth  parts.  Abdomen  jointed  directly  to  thorax. 
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Feed  chiefly  on  dead  wood.  Found  in  tree  stumps  and  near  decaying  wood. 
Examples:  white  ‘‘ants”  or  termites  (Fig.  24:6). 

ORDER  NEUROPTERA  (Neu-rop'te-ra,  Gr.  neuron^  nerve  +  pteron,  wing) . 
Commonly  called  dobson  flies,  ant  lions,  etc.  Larvae  which  are  often 
aquatic  go  through  a  pupal  stage  (complete  metamorphosis).  Adults 
with  four  membranous  wings  which,  when  at  rest,  are  held  rooflike  over 
the  body.  Chewing  mouth  parts  in  adults,  often  sucking  mouth  parts  in 
larvae.  Mostly  carnivorous.  Examples:  dobson  “flies,”  lacewinged  “flies,” 
aphis  lions,  ant  lions,  the  larvae  of  the  latter  called  doodlebugs. 

ORDER  EPHEMEROPTERA  (E-phem'e-rop'te-ra,  Gr.  ephemeros,  lasting  but 
one  day  -f-  pteron^  wing).  Commonly  called  May  flies.  Metamorphosis 
gradual.  Nymphs  aquatic.  Adult  with  two  pairs  of  membranous  wings, 
the  forewings  larger.  Mouth  parts  of  larvae  for  chewing,  those  of  adults  re¬ 
duced  and  useless  since  adult  does  not  feed. 

ORDER  ODONATA  (O-don'a-ta,  Gr.  odous,  odontos,  tooth).  Commonly 
called  dragon  flies  and  damsel  flies.  Metamorphosis  gradual.  Nymphs 
aquatic.  Adult  with  two  pairs  of  membranous  wings,  hind  wings  larger. 
Chewing  mouth  parts.  Feed  chiefly  on  other  insects.  Dragon  fly  (Fig.  39:33). 
ORDER  PLECOPTERA  (Ple-cop'te-ra,  Gr.  plecos,  plaited  +  pteron^  wing). 
Commonly  called  stone  flies.  Metamorphosis  gradual.  Nymphs  aquatic, 
usually  in  running  water  under  stones.  Adults  with  two  pairs  of  wings,  the 
hind  wings  larger  and  folded  in  plaits  when  at  rest.  Larva  with  chewing 
mouth  parts  which  arc  frequently  reduced  in  adult  which  does  not  eat. 
ORDER  CORRODENTIA  (Cor'ro-den'ti-a,  L.  corrodens,  gnawing).  Com¬ 
monly  called  book  lice.  Metamorphosis  gradual.  Small  insects.  Adult 
wingless  or  with  two  pairs  of  wings.  Chewing  mouth  parts.  Feed  on  fungi, 
lichens,  paste  in  books. 

ORDER  MALLOPHAGA  (Mal-loph'a-ga,  Gr.  mallos^  wool  +  phagein,  eat). 
Commonly  called  bird  lice.  No  metamorphosis.  Chewing  mouth  parts. 
No  wings.  Eyes  degenerate.  Feed  on  feathers  and  scales  of  birds,  some  on 
hair  of  mammals. 

ORDER  THYSANOPTERA  (Thy'sa-nop'te-ra,  Gr.  thysanos,  fringe 
wing).  Commonly  called  thrips.  Small  insects  with  a  gradual  metamorpho¬ 
sis.  Piercing  month  jxirls.  Wingless  or  with  two  pairs  of  long,  narrow,  mem- 
branous  wings.  Most  feed  on  plailts,  others  on  insect  eggs  and  aphids.  May 
be  fomul  in  daisies  or  clover  flowers.  The  onion  thrip  is  a  serious  pest. 
ORDER  ANOPEURA  (An'o-j)lu'ra,  Gr.  an,  without  +  oplon,  sting  +  oura, 
tail).  Commonly  called  sucking  lice.  Small  wingless  insects  parasitic  on 
the  skin  and  hair  of  mammals,  without  metamorphosis.  Mouth  parts  pierc¬ 
ing  and  Slicking.  All  the  members  of  this  order  are  external  parasites  of 
mammals  and  feed  on  their  blood.  Examples:  the  head  louse  {Pediculous 
hmnmnis  nijnlis)  (I'iR.  24:8),  (he  human  crab  louse  (Phtinrius  puhis),  the 
iKKiy  louse  <.r  coolie  {Pfdiculus  humanus corporis),  also  many  species  on  domes- 
tiiated  animals.  '  v 
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ORDER  HEMIPTERA  (Hc-mip'lc-ra,  Gr.  hemiy  half  +  pteron^  'ving).  Com¬ 
monly  called  true  bugs.  Metamorphosis  gradual.  Mouth  parts  piercing 
and  sucking.  Two  pairs  of  wings,  the  front  pair  thickened  at  the  base.  Some 
with  no  wings.  Most  feed  on  plant  juices,  some  on  blood.  E.xamples:  water 
boatmen,  back  swimmers,  water  bugs,  electric-light  bugs,  water  striders, 
leaf  bugs,  bedbugs  {Cimex  lectularius  (Fig.  24:8)  is  the  human  species), 
assassin  bugs,  lace  bugs,  chinch  bugs,  squash  bugs,  stink  bugs. 

ORDER  HOMOPTERA  (Ho-mop'te-ra,  Gr.  homoSy  same  -f-  pteroriy  wing). 
Commonly  called  cicadas,  leaf  hoppers,  aphids.  Metamorphosis  grad¬ 
ual.  Usually  two  pairs  of  similar  wings  which  arc  held  rooflike  over  the 
body  when  at  rest.  Mouth  parts  for  piercing  and  sucking.  Nearly  all  feed 
on  plant  juices.  Examples:  cicadas,  spittle  insects,  tree  hoppers,  leaf  hoppers, 
plant  lice,  phyllo.xerids,  .scale  insects. 

ORDER  DERMAPTERA  Der-map'tc-ra,  Gr.  dermoy  skin  -f  pteroUy  wing).  i 
Commonly  called  earwigs.  Metamorphosis  gradual.  Two  pairs  of  wings, 
forewings  small  and  leathery,  hind  wings  larger  and  folded  when  at  rest. 
Chewing  mouth  parts.  Forcepslike  appendages  at  end  of  alxlomcn.  Most 
feed  on  vegetable  materials,  some  on  other  insects.  Found  on  the  ground 
under  stones  or  debris. 

ORDER  COLEOPTERA  (Co'lc-op'tc-ra,  Gr.  coleoSy  sheath  -f  pteroriy  wing). 
Commonly  called  beetles.  Metamorphosis  complete.  Chewing  mouth  parts. 
Two  pairs  of  wings,  the  forewings  being  hard  and  forming  a  sheathlike 
covering  for  the  membranous  hind  wings  and  abdomen  or  no  wings.  A 
very  numerous  order  feeding  on  all  kinds  of  food  and  widely  distributed. 
There  are  numerous  families. 

ORDER  TRICHOPTERA  (Tri-chop'te-ra,  Gr.  thrixy  hair  +  pteroriy  wing). 
Commonly  called  caddis  flies.  Metamorphosis  complete.  Larv^ae  aquatic, 
live  in  cases  formed  of  sand  grains  or  vegetable  matter,  have  mouth  parts 
for  chewing.  Adult  with  two  pairs  of  membranous  wings  wliich  resemble 
those  of  a  moth.  Mouth  parts  of  adult  vestigial. 

ORDER  LEPIDOPTERA  (Lep'i-dop'te-ra,  Gr.  lepisy  scale  +  pteroriy  wing). 
Commonly  called  butterflies  or  moths.  Metamorphosis  complete.  Mouth 
parts  of  larva  for  chewing.  In  adult,  mouth  parts  form  a  tube  for  sucking. 
Two  pairs  of  membranous  wings  covered  with  scales  or  rarely  wingless. 
Larvae  usually  feed  on  the  leaves  or  other  parts  of  plants.  Adults  suck  nectar 
from  flowers.  Examples :  butterflies  and  moths  of  which  there  are  numerous 
families. 

ORDER  DIPTERA  (Dip'te-ra,  Gr.  disy  two  +  pteroriy  wing).  Commonly 
called  flies.  Metamorphosis  complete.  Larvae  known  as  maggots.  Adult 
with  mouth  parts  forming  a  proboscis  for  piercing  and  sucking.  One  pair 
of  membranous  wings,  the  hind  wings  represented  by  small  knobbed  struc¬ 
tures  called  halteres,  or  wingless.  A  very  numerous  order  feeding  on  all  kinds 
of  food  and  widely  distributed.  Examples:  crane  flies,  midges,  mosquitoes, 
gallflies,  black  flies,  horseflies,  fruit  flies,  botflies,  blowflies,  houseflies. 


THE  ANIMAL  KINGDOM 


931 


ORDER  SIPHONAPTERA  (Siph'o-nap'te-ra,  Gr.  szp/ion,  tube  +  a,  without 
+  pteron,  wing).  Commonly  called  fleas.  Larval  mouth  parts  for  chewing. 
Metamorphosis  complete.  Adult  without  wings  and  with  mouth  parts  for 
piercing  and  sucking.  Body  laterally  compressed.  Larvae  feed  upon  waste 
animal  matter.  Adults  are  external  parasites  usually  upon  mammals  and 
feed  on  blood.  Example:  human  flea  (Fu/ex  irritans)  (Fig.  24:8). 

ORDER  HYMENOPTERA  (Hy'me-nop'te-ra,  Gr.  hymen,  membrane  -f- 
pteron,  wing).  Commonly  called  bees,  wasps,  ants,  etc.  Metamorphosis 
complete.  With  two  pairs  of  membranous  wings  held  together  with  hooks 
or  without  wings.  Mouth  parts  for  chewing.  A  numerous  order  living  on 
many  kinds  of  food  and  widely  distributed.  Examples:  sawflies,  ichneumon 
flies,  gallflies,  ants  (Fig.  24:5),  wasps,  bees  (Fig.  24:3). 

CLASS  ARACHNOIDEA  (Ar'ach-noi'de-a,  Gr.  arachne,  spider  +  eidos,  like). 
These  animals  have  no  antennae  and  no  true  jaws.  The  first  pair  of  ap¬ 
pendages  ends  in  pincers.  Body  is  usually  divided  into  an  anterior  portion 
consisting  of  a  combined  head  and  thorax,  called  the  cephalothorax,  to 
which  the  appendages  are  attached  and  a  posterior  part  called  the  ab¬ 
domen. 

ORDER  XIPHOSURA  (Xiph'o-su'ra,  Gr.  xiphos,  sword  +  oura,  tail).  Com¬ 
monly  called  king  crabs.  There  is  only  one  living  species,  Limulus.  It  is  a 
curious  animal  with  a  large  helmetlike  anterior  portion  (cephalothorax) 
and  a  small  triangular  abdomen.  Breathing  is  by  means  of  gill-hooks  on  the 
underside  of  the  abdomen.  King  crab  {Limulus)  (Fig.  39:47). 

ORDER  SCORPIONIDA  (Scor'pi-on'i-da,  Gr.  skorpio,  a  scorpion).  Commonly 
called  scorpions.  The  first  pair  of  appendages  end  in  large  pincers.  The 
abdomen  is  divided  into  a  thicker  portion  and  a  long  slender  tail  on  the 


end  of  which  is  a  sting. 

ORDER  ARANEIDA  (Ar'a-ne'i-da,  L.  aranea,  spider).  Commonly  called 
spiders.  Spiders  have  four  pairs  of  walking  legs  in  addition  to  two  pairs 
of  aj:)pendagcs  associated  with  the  mouth  (Fig.  3:22). 

ORDER  PHALANGIDA  (Pha-lan'gi-da,  h.  phalangium,  the  daddy  longlegs). 
Commonly  called  harvestmen  or  daddy  longlegs.  These  animals  are  like 
spiders  but  have  longer  legs  and  there  is  no  constriction  between  the  cephal¬ 
othorax  and  the  abdomen. 

ORDER  ACARINA  (Ac'a-ri'na,  Gr.  akari,  a  mite).  Commonly  called  mites 
or  licks.  These  .ire  ^lsu,^lly  .small  animals  with  an  undivided  rounded  body. 
There  are  four  pairs  of  walking  legs.  Many  are  parasites. 

PHYLUM  CHORDATA  (chor-da'ta,  L.  chorda,  a  cord).  All  these  animals 
po.ssess  .-11  some  slave  in  (heir  development  a  chorda  or  notochord.  This  is  a 
ll,-xible,  e<-lhilar,  r.xilike  sirucUirc  located  dorsal  to  the  alimentary  canal  and 
viMilral  to  I  he  eenlral  nervous  system.  The  simpler  chordates  breathe  by 
me.ans  of  pharyngeal  gills  and  have  gill  clefts  leading  from  the  pharynx  to  the 
exterior.  All  ehonlates  show  traces  of  this  in  the  appearance  of  gill  clefts  at  some 
time  in  theii  development.  The  central  nervous  system  is  tubular  and  dorsal. 
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Subphylum  Hemichorda  (Hem'i-chor'da,  Gr.  hemi,  half -f  L.  chorda,  cord). 
Wonnlikc  marine  chordates.  Unfamiliar  animals  seldom  encountered  by  the 
layman  but  of  great  interest  on  account  of  the  light  they  arc  believed  to  throw 
on  the  origin  of  the  vertebrates.  The  lx)dy  is  divided  into  proboscis,  collar,  and 
trunk.  The  notochord  is  in  the  prolx)scis  and  collar.  Breathing  is  by  means  of 
gills  and  the  central  nervous  system  is  dorsal.  E.xamplcs:  Dolichoglossus  (Fig. 
26:2),  Balanoglossus. 

Subphylum  Urochorda  (UTo-chor'da,  Gr.  oura,  tail  -f  L.  chorda,  cord). 
Gommonly  called  tunicates,  ascidians,  or  sea  squirts.  .Ml  of  them  arc  marine 
and  arc  cither  free  swimming  or  attached.  Usually  the  free-swimming  larval  stage 
shows  the  chordatc  characters  most  clearly.  The  notochord  is  in  the  tail  of  the 
larva.  The  attached  forms  arc  enclosed  in  a  Icathcrv'  covering  known  as  a  tunic 
and  composed  of  a  substance  resembling  cellulose.  E.xamplcs:  dona  (Figs.  26:3, 
39:44),  Appendicular ia. 

Subphylum  Cephalochorda  (Ceph'a-lo-chor'da,  Gr.  kephale,  head  -f  L. 
chorda,  cord).  Commonly  called  lancelets.  Small  fishlike  animals  lacking  a  dis¬ 
tinct  head.  The  notochord  extends  almost  the  entire  length  of  the  body,  as  docs 
also  the  dorsal  central  nervous  system.  Breathing  is  by  means  of  phary  ngeal  gills. 
Example:  Arriphioxus  (Fig.  26:5). 

Subphylum  Vertebrata  (\’cr'tc-bra'ta,  L.  vntebralus,  backboned).  In  verte¬ 
brates  there  is  an  cndoskclcton  of  cartilage  or  Ixinc.  Except  in  the  most  primitive 
forms  the  notochord  is  replaced  by  a  vertebral  column  which  consists  of  a  scries 
of  ringlike  segments  or  vertebrae.  The  Ixidy  is  divided  into  head  and  trunk  and 
there  is  usually  a  postanal  tail  and  there  arc  usually  (and  never  more  than)  two 
pairs  of  appendages.  The  anterior  portion  of  the  central  nervous  system  is  dif¬ 
ferentiated  to  form  a  brain  with  which  arc  connected  paired  eyes  and  cars. 
The  brain  and  sense  organs  arc  protected  by  a  cranium  or  brain  case.  The 
vascular  system  is  closed,  i.c.,  has  definite  limiting  walls.  There  is  a  ventral 
heart,  a  liver  and  hepatic  portal  system,  and  the  blood  contains  red  blood 
corpuscles. 

CLASS  CYCLOSTOMATA  (Cy'clo-sto'ma-ta,  Gr.  cyclos,  a  circle  +  stoma, 
stomata,  mouth).  Commonly  called  lamprey  “eels,”  and  hagfish.  Long, 
slender,  fishlike,  jawless,  cold-blooded,  vertebrates  without  scales  or  paired 
fins.  The  skeleton  is  of  cartilage  and  there  is  a  persistent  notochord.  The  re¬ 
spiratory  organs  consist  of  gills  in  numerous  pharyngeal  gill  pouches  com¬ 
municating  with  the  exterior.  Examples:  lamprey  “eel”  (Petromyzon)  (Fig. 
26:6),  and  the  hagfishes  (Myxine  and  Bdellostoma) .  The  Ostracodtrms 
(Os'stra-co-derm',  Gr.  ostracon,  shell  +  derma,  skin),  primitive  armored  fossil 
fishes,  are  believed  to  be  closely  related  to  the  Cyclostomata. 

CLASS  CHONDRICHTHYES  (Chon'drich-thy'es,  Gr.  chondros,  cartilage 
-f  ichthyus,  a  fish).  Known  as  cartilaginous  fishes.  Marine  fishes  with  two 
pairs  of  lateral  fins.  The  body  is  covered  with  placoid  scales  consisting  of  a 
basal  plate  from  which  projects  a  spine  composed  of  dentine  covered  by  en¬ 
amel.  The  skeleton  is  cartilaginous  but  there  is  a  persistent  notochord.  There 
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are  jaws  and  an  almost  complete  cranium.  Breathing  is  by  means  of  platelike 
gills  in  gill  slits  which  open  separately  to  the  outside. 

ORDER  ELASMOBRANCHII  (E-las'mo-bran'chi-i,  Gr.  elasmos,  a  metal  plate 
+  L.  branchia^  gill).  The  sharks  and  dogfishes,  and  the  rays  and  skates.  The 
gill  slits  open  separately  to  the  outside.  The  upper  jaw  is  not  fused  with  the 
base  of  the  skull.  The  vertebral  column  extends  into  the  dorsal  lobe  of 
the  caudal  fin  (Fig.  26:7). 

ORDER  HOLOCEPHALI  (Hol'o-ceph'a-li,  Gr.  holos,  whole  +  kephale,  head). 
Commonly  called  chimaeras.  The  upper  jaw  is  firmly  attached  to  the 
cranium.  Gill  slits  covered  with  a  fold  of  skin.  A  very  ancient  group  now 
represented  only  by  three  living  genera,  one  of  which  is  Chimaera. 

CLASS  OSTEICHTHYES  (Os'te-ich'thy-es,  Gr.  osteon,  bone  +  ichthyus,  a 
fish).  The  true  or  bony  fishes.  Skeleton  partly  or  entirely  of  bone.  Paired 
fins.  Respiration  is  by  means  of  pharyngeal  gills  in  gill  slits,  the  latter  covered 
on  each  side  of  the  head  by  a  bony  plate  known  as  an  operculum.  The  body 
is  usually  covered  with  dermal  scales,  never  placoid  scales. 

Subclass  Actinopterygii  (Ac'ti-nop'ter-yg'i-i,  Gr.  actis,  actinos,  ray  +  pteryx, 
pterygos,  fin).  Ray-finned  fishes.  The  paired  fins  are  supported  by  horny  fin 
rays. 

ORDER  CHONDROSTEI  (Chon-dros'te-i,  Gr.  chondros,  cartilage  +  osteon, 
bone).  Sturgeons  and  paddlefishes.  Skeleton  largely  of  cartilage  but 
regarded  as  degenerated  from  bone.  Mouth  on  the  ventral  side.  Caudal 
fin  hetcroccrcal  like  that  of  a  shark.  Examples:  sturgeon  {Acipenser),  paddle- 
fish  (Polyodon). 

ORDER  HOLOSTEI  (Ho-los'te-i,  Gr.  holos,  whole  +  osteon,  bone).  The  skele¬ 
ton  is  of  bone  and  the  body  is  covered  with  ganoid  scales.  Two  living  genera, 
Amia  and  Lepidosteus. 

ORDER  TELEOSTEI  (Tcl'c-os'te-i,  teleos,  complete  +  osteon,  bone).  Skeleton 
completely  ossified.  Scales  without  ganoin  or  enamel,  thin  and  tending  to 
overlap.  Tail  homocercal.  This  order  contains  most  living  fishes.  Perch 
{Perea)  (Fig.  39:31),  Sailfish  (Istiophorus)  (Fig.  3:23),  sea  robin  (Prionotus) 
(Fig.  39:57),  shark  sucker  (Echenis)  (Fig.  39:59). 

Subclass  Dipnoi  (nij/noi,  Gr.  di,  twice  +  pnoe,  breath).  Lungfishes.  Fish 
which  breatlu'  by  means  of  lungs  as  well  as  gills.  Skeleton  is  partly  of  cartilage, 
'fliree  living  geiuna.  Neoceratodus  occurs  in  Australia,  Protopterus  in  Africa,  and 


Prpidosirrn  in  Paraguay. 

Subclass  Crossoptcrygii  (Cros-sop'te-ryg'i-i,  Gr.  crossoi,  a  fringe  +  pterygion, 
a  liille  hn).  Lobcd-finncd  fishes.  An  extinct  group  in  which  lungs  were  devel¬ 
oped.  'fhe  two  living  gimera,  Polypterus  and  Calamiochthys  which  were  formerly 
regarded  as  (aossoplerygians,  are  now  recognized  as  primitive  ray-finned  fishes 
(Aelinopierygii).  Reeendy,  December  1938,  a  single  specimen  of  a  fish  which 
seems  (o  belong  lo  ihis  group  was  caught  off  the  coast  of  South  Africa. 
CLASS  AMPHIBIA  (Ain-jihib'i-a,  Gr.  amphihios  living  a  double  life).  The 
n.iine  refers  (o  (he  animals  living  iiartly  in  water  and  partly  in  air.  They 
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breathe  by  gills  in  their  larval  or  tadpole  stage  and  through  the  skin  and 
lungs  when  adult.  In  the  adult  stage  there  are  two  pairs  of  pcntadactyl  (i.e., 
five-toed)  limbs  without  claws.  The  body  is  without  scales  except  in  certain 
legless  tropical  forms. 

ORDER  URODELA  (U'ro-de'la,  Gr.  ura,  tail  -h  ddos,  \isible).  The  term 
“Caudata  ”  (Cau-da'ta,  L.  cauda^  a  tail)  is  also  used  for  this  order.  Com¬ 
monly  called  salamanders  and  newts.  Tailed  amphibia  with  the  fore  and 
hind  limbs  approximately  equal  in  size.  Examples:  the  spotted  salamander 
{Ambystoma)  (Fig.  3:24),  the  spotted  newt  {Triturus)^  and  the  mud  puppy 
{Necturus) . 

ORDER  ANURA  (A-nu'ra,  Gr.  a,  an,  not  -f  ouro,  tail).  The  term  “Sali- 
entia”  (Sa'li-en'ti-a,  L.  salire^  to  leap)  is  also  used  for  this  order.  Commonly 
called  frogs  and  toads.  Tailless  amphibia  with  large  hind  limbs  adapted  for 
jumping.  Examples:  leopard  frog  (Rana)  (Fig.  27:1),  bull  frog  {Catesbiana) 
(Fig.  39:24),  the  common  toad  {Bujo). 

ORDER  APODA  (/X-pod'a,  Gr.  a,  without  +  pous^  podos^  foot).  This  order  is 
also  called  Gymnophiona  (Gym'no-phi'o-na,  Gr.  gymnos^  naked  -f  ophioneos^ 
serpentlike).  The  body  of  these  animals  is  wormlike  without  limbs  or  tail 
and  there  are  usually  small  scales  cml)cdded  in  the  skin.  The  Older  is  not  a 
large  one  and  occurs  only  in  the  tropics.  Example:  Caecilia. 

CLASS  REPTILIA  (Rep-til'i-a,  L.  reperey  to  creep).  Reptiles  breathe  air 
throughout  their  lives.  Their  scales  arc  horny  and  formed  from  the  outer 
layer  of  epidermis  of  the  skin.  There  arc  typically  two  pairs  of  appendages 
which  arc  usually  pcntadactyl  (i.e.,  five  toed). 

ORDER  TESTUDINATA  (Tos-tu'di-na'ta,  L.  UstudinatuSy  a  tortoise).  The 
term  “Chclonia”  (Chc-lo'ni-a,  Gr.  cheloney  a  tortoise)  is  also  used  for 
this  order.  Reptiles  in  which  the  skeleton  forms  a  bony  box  which  is  covered 
by  horny  scales  and  encloses  most  of  the  body.  The  jaws  are  without  teeth 
and  covered  with  horn.  E.xamples:  painted  turtle  {Chrysemys)  (Fig.  3:25), 
snapping  turtle  (Chelydra)^  loggerhead  turtle  {Carette)  (Fig.  39:59). 

ORDER  RHYNCHOCEPHALIA  (Rhyn'cho-ce-pha'li-a,  L.  rhynchoy  snout  + 
Gr.  kephaUy  head).  The  order  contains  the  single  genus  Sphenodon.  Spheno- 
don  is  a  lizardlike  reptile  about  3  feet  long.  Its  skeleton  bears  many  resem¬ 
blances  to  the  skeleton  of  the  earliest  reptiles  and  is  of  interest  as  a  relic  of  a 
once  numerous  group  which  may  have  given  rise  to  modern  lizards  and 
snakes.  Example:  Sphenodon. 

ORDER  SQUAMATA  (Squa-ma'ta,  L.  squamatuSy  scaly).  Commonly  called 
lizards  and  snakes.  Reptiles  with  horny  scales  and  the  lower  jaw  loosely 
attached  to  the  upper  jaw  so  that  the  mouth  can  be  widely  opened. 
SUBORDER  SAURJA  (Sau'ri-a,  Gr.  saurOy  a  lizard).  The  term  “  Lacertilia” 
(Lac'er-til'i-a,  L.  lacertusy  a  lizard)  is  also  used  for  this  suborder.  Commonly 
called  lizards.  Squamata  usually  with  well-developed  limbs.  Examples: 
American  “chameleon  ”  (Anolis) ;  common  or  fence  swift  (Sceloporus) ;  horned 
“toad”  {Phrynosoma) y  skink  {Eumeces)  (Fig.  39:10). 
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SUBORDER  OPHIDIA  (O-phid'i-a,  Gr.  ophis^  a  snake).  The  term  “Ser- 
pentes”  (Ser-pen'tes,  L.  serpens^  a  serpent)  is  also  used  for  this  suborder. 
Commonly  called  snakes.  Long  thin- bodied  squamata  without  limbs. 
Examples:  the  common  garter  snake  {Thamnophis)\  common  water  snake 
{Natrix)  (Fig.  39:30);  bull  snake  {Pituophis)  (Fig.  39:22). 

ORDER  CROCODILIA  (Croc'o-dil'i-a,  L.  crocodilus^  a  crocodile).  Com¬ 
monly  called  crocodiles,  alligators,  and  gavials.  Usually  rather  large  rep¬ 
tiles  with  the  nostrils  united  to  form  a  single  opening  at  the  end  of  a  rather 
long  snout.  Examples:  the  crocodile  {CrocodyluP)\  the  alligator  {Alligator). 
CLASS  AVES  (A'ves,  L.  avis^  a  bird).  Vertebrates  which  are  adapted  for 
flying,  the  forelimbs  being  modified  to  form  wings  and  the  body  covered  with 
feathers.  No  living  birds  have  teeth,  their  place  being  taken  by  a  horny  beak. 
When  standing  the  weight  is  supported  on  the  hind  limbs. 

Subclass  Archaeornithes  (Ar'chae-or'ni-thes,  Gr.  archaios.,  ancient  + 
ornithes^  birds).  No  living  representatives.  Contains  the  fossil  bird  Archaeopteryx 
(Fig.  40:11)  described  in  the  text.  Example:  Archaeopteryx. 

Subclass  Neornithes  (Ne-or'ni-thes,  Gr.  aeos^  new  +  ornis^  ornithes,  bird). 
The  name  means  “recent  birds”  in  contrast  to  the  older  fossil  birds.  The 
subclass  includes  all  living  birds. 

Division  Ratitae  (Ra-ti'tae,  L.  ratis,  raft).  The  name  refers  to  the  ab¬ 
sence  of  a  keel  on  the  breastbone  which  is  related  to  the  lack  of  flying 
muscles.  Flightless  terrestrial  birds  usually  of  large  size.  Young  are  pre¬ 
cocious,  being  able  to  look  after  themselves  from  the  time  of  hatching. 
ORDER  STRUTHIONIFORMES  ^  (Stru'thi-on'i-for'mes,  L.  struthio,  an  ostrich 
+  forma,  appearance).  Commonly  called  ostriches.  Large  birds  which  have 
lost  the  j)ower  of  flight  and  have  long  legs  with  two  toes  on  each  foot  adapted 
for  running.  They  arc  without  feathers  on  the  head,  neck,  and  legs.  Ex¬ 
ample:  the  African  ostrich  {Struthio). 

ORDER  RHEIFORMES  (Rhe'i-for'mes,  L.  Rhea,  the  genus  of  the  American 
ostrich).  Commonly  called  rheas.  Large  ostrichlike  flightless  birds  with 
relatively  few  feathers  on  head  and  neck.  The  legs  are  well  developed  and 
have  three  toes  on  each  foot.  Example:  American  ostrich  {Rhea). 

ORDER  CASUARIIFORMES  (Cas'u-a-ri'i-for'mes,  L.  cassuarius,  a  cassowary). 
Clommonly  called  cassowaries  and  emus.  Ostrichlike  birds  with  very  small 
rudimentary  wings  and  well-developed  legs  with  three  toes.  Examples, 
cassowary  {CMSuariuS),  emu. 

ORDER  APTERYGIFORMES  (Ap'tcr-yg'i-for'mes,  Gr.  a,  not  +  pteryx,  wing). 
Apteryxlike  birds.  Kiwis.  Small  birds  with  hairlike  feathers  and  rudimen¬ 
tary  wings.  Confined  to  New  Zealand.  Example:  kiwi  {Apertyx). 

Division  Carinatae  (Car'i-na'tac,  L.  carina,  a  keel).  The  name  refers  to 
the  pos.sessi()n  of  a  keel  on  the  breastbone  to  whicL  the  muscles  of  flight  are 
attached.  This  division  includes  all  living  flying  birds  and  the  penguins. 

>  Thr  crclrrs  of  birds  arc  usually  named  after  some  representative  genus,  e.g.,  Struthiomformes, 
ftir  ostriclilikc  birds. 
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ORDER  SPHENISCIFORMES  (Sphc-nis'ci-fur'mcs,  Gr.  sphfniskos,  a  little 
wedge,  the  shape  of  the  bird’s  wings).  Commonly  called  penguins.  Flight¬ 
less  marine  birds  with  small  scalelike  feathers  and  wings  modified  to  form 
paddles.  Example:  penguin  (Spheniscus) . 

ORDER  GAVIIFORMES  (Ga'vi-i-for'mes,  from  Gavia^  the  loon).  Commonly 
called  loons.  Aquatic  birds  with  webbed  toes  and  legs  far  back  on  body. 
Example:  loon. 

ORDER  COLYM BIFORMES  (Co-lym'bi-for'mes,  Gr.  columbus,  a  diver). 
Commonly  called  grebes.  Aquatic  birds  with  lobed  toes.  Usually  smaller 
than  loons.  Example:  grebe. 

ORDER  PROCELLARIIFORMES  (Proc'el-lar'i-i-for'mes,  from  Procellaria,  the 
stormy  petrel).  Commonly  called  albatrosses  and  petrels.  Marine  birds 
with  powerful  wings  and  webbed  toes.  Examples:  stormy  petrel  (Procellaria), 
albatross. 

ORDER  PELICANIFORMES  (PeKi-can'i-for'mes,  L.  pelicanus^  a  pelican). 
Commonly  called  pelicans  and  cormorants.  Aquatic  swimming  birds 
usually  with  fully  webbed  toes.  Example:  pelican  (Pelicanus) ^  cormorant. 
ORDER  CICONIIFORMES  (Ci-co'ni-i-for'mes,  L.  ciconia^  a  stork).  Storklike 
birds.  Long-legged  wading  birds.  Examples:  heron  (Fig.  39:29),  stork, 
flamingo. 

ORDER  ANSERIFORMES  (An'ser-i-for'mes,  L.  anser^  a  goose).  Goosclike 
birds.  Aquatic  swimming  birds,  legs  fairly  short  and  attached  near  the 
middle  so  that  when  standing  the  body  is  horizontal.  Feet  webbed.  Ex¬ 
amples:  goose  (Anser)^  swan,  duck  (Fig.  39:28). 

ORDER  FALCONIFORMES  (Fal'co-ni-for'mes,  h.  falcon^  a  falcon).  Falcon¬ 
like  birds.  Flesh-eating  birds  with  curved,  hooked  beak  and  sharp  claws  on 
feet  adapted  for  perching  and  seizing  prey.  Examples:  eagle,  hawk,  vulture, 
and  secretary  bird. 

ORDER  GALLIFORMES  (Garii-for'mes,  L.  gallus,  a  cock).  Fowllike  birds. 
Terrestrial  or  arboreal  birds  with  feet  adapted  for  perching  and  scratching. 
Examples:  domestic  fowl  (Callus) ^  ruffed  grouse,  quail,  prairie  chickens 
(Fig.  39:20),  wild  turkey  (Fig.  39:15). 

ORDER  GRUIFORMES  (Gru'i-for'mes,  L.  grus,  crane).  Cranelike  birds. 
Wading  birds.  Feet  not  webbed.  Neck  extended  in  flight.  Examples:  crane, 
rail. 

ORDER  CHARADRIIFORMES  (Cha-rad'ri-i-for'mes,  from  Charadrius,  a  genus 
of  plover).  Ploverlike  birds.  Small  shore  birds,  usually  long  legged  and  long 
billed.  Examples:  plover  (Charadrius)^  gull,  tern,  snipe,  sandpiper. 

ORDER  COLUMBIFORMES  (Co-lum'bi-for'mes,  L.  a  pigeon).  Pi¬ 

geonlike  birds.  Terrestrial  scratching  birds  with  short  bill  and  short  wings. 
Examples:  pigeon  (Columba),  mourning  dove.  L  .  ’ 

ORDER  PSITTACIFORMES-(Psit'ta-ci-for'mes,  L.  PsittacuSydi  parrot).  Par¬ 
rotlike  birds.  Perching  birds  with  four  toes,  two  in  frpnt  and  two  behind  and 
heavy,  hooked  bills.  Examples:  parrot  (Psittacus),  parrakeet,  cockatoo. 
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ORDER  CUCULIFORMES  (Cu-cu'li-for'mes,  L.  cuculus,  a  cuckoo).  Cuckoo¬ 
like  birds.  Perching  birds  with  four  toes,  two  in  front  and  two  behind.  Long 
compressed  bill.  Example:  cuckoo  {Cuculus). 

ORDER  STRIGIFORMES  (Strig'i-for'mes,  L.  strix,  a  screech  owl).  Owllike 
birds.  Bill  hooked,  eyes  large  in  front  of  head  surrounded  by  feathered  discs. 
Claws  sharp.  Plumage  fluffy.  Example:  barn  owl  {Strix),  burrowing  owl 
(Fig.  39:21). 

ORDER  CAPRIMULGIFORMES  (Cap^ri-muPgi-for^mes,  from  Caprimulgus, 
the  generic  name  of  the  European  goatsucker).  Goatsuckerlike  birds.  Short¬ 
billed,  widemouthed  birds  with  long  pointed  wings  and  fluffy  plumage. 
Examples:  nighthawk,  whippoorwill. 

ORDER  MICROPODIFORMES  (MPcro-poMi-for^mes,  Gr.  mikros,  small  -f- 
pous,  podos,  foot).  Swiftlike  birds  with  small  feet.  Either  very  small  birds 
with  long  slender  bill  (hummingbirds)  or  somewhat  larger  birds  with  very 
short  bill  and  wide  mouth  (swifts). 

ORDER  CORACIIFORMES  (Cor'a-ci'i-for'mes,  Gr.  corax,  a  crow).  King¬ 
fisherlike  birds.  Bill  straight,  pointed,  and  long.  Legs  small.  Examples: 
kingfisher,  hornbill;  but  not  the  crows,  for  which  see  Passeriformes. 
ORDER  PICIFORMES  (Pic'i-for'mes,  "L.  picus,  a  woodpecker).  Woodpecker¬ 
like  birds.  Climbing  birds  with  heavy  pointed  bills  and  stiff  tail  feathers  used 
to  prop  the  body  against  trees.  Examples:  woodpecker  (Fig.  39:14),  toucan. 
ORDER  PASSERIFORMES  (Pas'ser-i-for'mes,  1^. passer,  a  sparrow).  Sparrow- 
like  birds.  Small  or  medium-sized  perching  birds  or  song  birds.  The  largest 
order  of  birds  containing  more  than  half  of  the  known  species.  Examples : 
flycatchers,  larks,  swallows,  crows,  jays,  chickadees  (Fig.  3 :26)  or  titmice, 
nuthatches,  wrens,  thrushes,  robins,  waxwings,  starlings,  vireos,  wood  war- 
Iflcrs,  weaver  finches,  blackbirds,  sparrows. 

CLASS  MAMMALIA  (Mam-ma'li-a,  L.  mamma,  breast).  The  name  refers 
to  tlic  method  of  nourishing  the  young  with  milk  from  mammae  or  breast 
glands.  Mammals  arc  also  distinguished  by  the  possession  of  hair. 

Subclass  Prototheria  (Pro'to-the'ri-a,  Gr.  protos,  first  +  therion,  beast).  The 
term  Monotremata  (Mon'o-tre'ma-ta,  L.  mono,  one  +  trema,  hole)  is  also  used 
for  this  subclass.  Primitive  egg-laying  mammals  with  a  cloaca.  The  subclass 
is  confined  to  Australia,  Tasmania,  and  New  Guinea.  Examples:  duckbill 
(I’ig.  3:27),  spiny  “antcatcr.” 

Subclass  Mctatheria  (Mct'a-the'ri-a,  Gr.  meta,  between  +  therion,  beast). 
The  t(‘rm  Marsupialia  (Mar-su'pi-a'li-a,  L.  marsupium,  pouch)  is  also  ap¬ 
plied  to  this  subclass.  Often  called  marsupials  or  pouched  mammals.  Mam¬ 
mals  in  which  (he  young  are  born  in  a  very  immature  state  and  are  usually 
carried  in  a  pouch.  With  the  exception  of  the  opossums  they  are  confined  to 
Australia  mid  neighboring  islands.  Examples:  opossum,  kangaroo  (Fig.  3:28), 
phalange!',  wombat,  bandicoot,  koala. 

Subclass  Euthcria  (Ihi-the'ri-a,  Gr.  eu,  well  -F  therion,  beast).  The  term 
Placciitalia  (Flac'en-ta'li-a,  Gr.  placenta,  a  flat  cake)  is  also  applied  to  this 
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subclass.  Commonly  called  placental  mammals.  Mammals  in  which  the 
mother  retains  the  young  in  her  body  for  a  considerable  time,  nourishment 
being  provided  through  a  special  organ  known  as  the  placenta.  Since  this 
class  includes  our  best-known  mammals  the  classification  will  be  carried  fur¬ 
ther. 

ORDER  INSECTIVORA  (In'sec-tiv'or-a,  L.  insectum^  an  insect  -[-  vorare,  to 
devour).  Small  insect-eating,  clawed  mammals  with  primitive  teeth  and 
ner\ous  system.  Example:  mole  (Fig.  26:12),  shrew. 

ORDER  CHIROPTERA  (Chi-rop'ter-a,  Gr.  cheir^  hand  +  pteron,  wing). 
Flying  mammals  w’ith  the  forelimbs  modified  for  flight.  Example:  bat 
(Fig.  26:13). 

ORDER  CARNIVORA  (Car-niv'o-ra,  L.  raro,  carnisj  flesh  +  vorare^  to 
devour).  Flesh-eating  marmnals  with  claw’s  and  large  projecting  canine 
teeth.  Examples:  wolf,  racoon,  badger  (Fig.  39:19),  skunk,  cat,  lion  (Fig. 
3:29). 

ORDER  PINNIPEDIA  (Pin'ni-pc'di-a,  L.  pinna^  a  fin  -f  pes^  pedis^  foot). 
This  order  is  sometimes  included  in  the  Carniv'ora.  The  seals  and  their 
relatives.  These  animals  differ  from  carnivores  chiefly  in  their  limbs  which 
are  finlike.  The  teeth  specialized,  the  external  ear  much  reduced  or  absent, 
tail  very  short  or  absent.  Examples:  seal,  sea  lion,  walrus. 

ORDER  PRIMATES  (Pri-ma'tes,  V..  prima^  primatisy  one  of  the  first).  Mammals 
with  five  digits  on  the  fore  and  hind  limbs  and  nails  on  the  digits.  Fore  and 
hind  feet  often  adapted  for  grasping.  Orbit  surrounded  by  bone.  Examples: 
monkey,  ape  (Fig.  26:15),  man. 

ORDER  EDENTATA  (E'den-ta'ta,  L.  <*,  without  -|-  denSy  dentis,  tooth). 
Clawed  mammals  with  teeth  without  enamel  and  no  teeth  in  the  front 
of  the  mouth.  Once  thought  to  be  primitive  forms,  now  considered  special¬ 
ized  with  degenerate  teeth.  Examples:  American  anteater,  sloth  (Fig. 
26:16),  armadillo. 

ORDER  PHOLIDOTA  (Phol'i-do'ta,  Gr.  pholis,  scale  +  osis,  state).  Scaly 
anteaters.  Body  covered  with  overlapping  epidermal  scales.  Example: 
Pangolin  or  scaly  anteater. 

ORDER  RODENTIA  (Ro-den'ti-a,  L.  rodarCy  to  gnaw).  Gnawing  mammals 
with  two  prominent  incisors  in  each  jaw  which  are  chisel-shaped  and  with¬ 
out  enamel  on  the  posterior  surface,  no  canine  teeth  and  clawed  feet.  Small 
to  moderate  sized.  The  most  numerous  order  of  mammals.  Examples: 
mice  (Fig.  39:11),  rats,  squirrels  (Fig.  39:12),  prairie  dog  (Fig.  39:18), 
chipmunks  (Fig.  26:17),  guinea  pigs,  porcupines,  muskrats  (Fig.  39:27), 
beavers. 

ORDER  LAGOMORPHA  (Lag'o-mor'pha,  Gr.  lagOTy  a  hare  +  morphey  form). 
This  order  is  sometimes  included  in  the  Rodentia.  These  animals  resemble 
rodents  but  differ  from  them  in  having  four  instead  of  two  upper  incisors. 
Examples:  rabbit  and  hare. 

ORDER  HYRA COIDEA  (Hy'ra-coi'de-a,  Gr.  hyraxy  the  name  of  an  animal). 
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Small  rodentlike  mammals.  Forelimbs  with  four  digits,  hind  limbs  with 
three.  Only  one  living  genus.  Example:  coney. 

ORDER  ARTIODACTYLA  (Ar'ti-o-dac'ty-la,  Gr.  artios,  even  dactylos^  toe). 
Even- toed,  hoofed  mammals  (ungulates) .  The  first  toe  is  suppressed  and  the 
weight  on  each  foot  is  carried  by  four,  or  more  often,  two  toes.  Examples: 
pig,  hippopotamus,  deer  (Fig.  39:13),  camel,  giraffe,  cow,  buffalo  (Fig. 
39:23). 

ORDER  PERISSODACTYLA  (Pe-ris'so-dac'ty-la,  Gr.  perissos^  odd  +  dactylos, 
toe).  Odd-toed  hoofed  mammals  (ungulates).  The  third  toe  is  the  largest 
and  carries  more  of  the  weight  on  the  foot  than  the  others.  Examples :  horse, 
tapir,  rhinoceros. 

ORDER  PROBOSCIDEA  (Pro'bos-cid'e-a,  Gr.  pro,  before,  +  boscein,  to  feed). 
Elephants.  Two  upper  incisors  form  tusks,  nose  forms  a  long  “trunk”  or 
proboscis.  Example:  elephant. 

ORDER  SIRENIA  (Si-re'ni-a,  Gr.  seiren,  a  sea  nymph).  Manatees  or  sea  cows. 
Large  herbivorous  aquatic  mammals  with  broad  crushing  teeth.  Forelimbs 
arc  finlike,  hind  limbs  absent,  tail  rounded.  Example:  sea  cow. 

ORDER  CETACEA  (Ce-ta'ce-a,  L.  cetus,  a  whale).  Fishlike  mammals  with 
finlike  forelimbs  and  no  hind  limbs.  The  tail  takes  the  form  of  a  horizontal 
fluke.  There  is  no  external  ear.  The  eyes  are  minute.  The  skin  is  almost 
hairless.  In  some  classifications  this  order  is  represented  as  two  orders: 
Order  Odontoceti  (O-don'to-ce'ti,  Gr.  odous,  odontos,  tooth  +  cetos,  whale), 
the  toothed  whales;  and  Order  Mystacoceti  (Mys'ta-co-ce'ti,  Gr.  mystax, 
mustache  +  cetos,  whale),  the  whalebone  whales.  Examples:  whales, 
dolphins  (Fig.  26:18). 
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Abdomen,  bee,  462;  grasshopper,  454-457; 

lobster,  443;  man,  540 
Abdominal,  appendages  of  crayfish,  446; 

cavity,  540;  vein  of  frog,  541,  602 
Abducent  nerve  of  man,  625 
Aberration,  chromatic,  21;  spherical,  21 
Aboral  surface  of  starfish,  497 
Abortion  in  flower,  312 

Absorption,  amoeba,  371;  of  inorganic  salts, 
339;  in  intestine,  565;  of  water,  338,  339 
Absorptive  cells,  frog,  549 
Accessory,  floral  parts,  300;  food  substances, 
556;  fruits,  315;  nerve,  spinal,  625,  633 
Accommodation,  644 
Accretion,  growth  by,  41 
Acetabulum,  frog,  534 
Acetic  acid,  156 
Acetone,  236 
Aehrne,  317 
Aehculcan,  892 

Achilles;  shield,  907;  tendon,  537 
Acid,  141,  142;  amino,  162,  166;  ascorbic, 
558;  carbonic,  145;  conjugate,  142; 
formic,  479;  hydrochloric,  145;  lactic,  567; 
nicotinic,  558,  560;  pantothcric,  558,  560; 
phosphoric,  567;  stearic,  160,  161;  strong, 
142;  weak,  143 

A(  id-base  re  la  t  ions  of  carbonic  acid,  141,  142 
Acidity,  140  145 

Ac  ids,  140;  amino,  565,  569,  570;  fatty,  188, 
565,  568 

Aconiia,  scm  anc-mone,  398 
Acoustic  nerve*  of  man,  625 
Acc|uitc'cl,  characIcT,  clclinition  of,  716,  717, 
c  haiac  lc*is,  not  known  to  be*  inhcritc*d, 
862;  immunity  to  infectious  diseases,  244, 
2/15 

Ac  I inomycrtalc's,  223 
Ac  ( inctplc-i  ygii,  5  I  '> 

Ac  tion,  oi  heai  l,  5'17;  of  muscle,  538 


Active,  immunity,  245;  immunization,  247 
Activities,  of  animals,  64;  of  plants,  64 
Adambulacral  spine  of  starfish,  498 
Adam’s  apple,  577 

Adaptation,  42,  43,  416,  475;  in  aquatic 
mammals,  779;  in  frog,  527;  to  environ¬ 
ment,  52;  to  grazing,  774;  to  locomotion, 
44 

Adaptive  radiation,  826,  835 
Addison’s  disease,  652 
Adductor  muscle  of  mussel,  501,  502 
Adnation,  312 

Adrenal  body  of  frog,  548,  582,  660 
Adrenal  cortex,  652;  endocrine  function,  654; 

glands,  651,  653;  medulla,  652 
Adrenaline,  652,  654;  effect  of,  652 
Adrenine,  654 

Adrenotropic  hormone,  654,  657 
Adsorption,  171 
Advantageous  mutations,  869 
Adventitious  buds,  296 
Aedes,  485 
Aerobes,  227 

Aerobic  bacteria,  233,  234 
Afferent,  branchial  arteries  o'f  dogfish,  595; 
branchial  arteries  of  tadpole,  598;  nerve 
fibers,  624 

Africa,  410,  414,  415,  424,  523 
Afterbirth,  669 
Aij^aricus,  215 

Age,  of  Amphibians,  823;  of  Cycads,  824; 
of  Mammals,  830,  831;  of  Man,  830,  833, 
892;  of  Metals,  907;  of  Polished  Stone 
Implements,  905;  of  rock,  815;  of  Reptiles, 
825 

Agents,  antibiotic,  250 
Agglutinablc  substances  in  blood,  591,  592 
Agglutinating  substances  in  blood,  591,  592 
Agglutins,  244 
Aggregate  fruit,  315 
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Afn-icultural,  colleges,  22;  experiment  sta¬ 
tions,  22 

Agriculture,  22;  Department  of,  22;  heredity 
in,  739;  origin  of,  354 

.\ir,  bladder  of  lungfuh,  515;  sacj  of  bee, 
467;  sacs  of  grasshopper,  459 
Air  sinuses,  547 
Air  spaces  in  hen’s  egg,  689 
Akene,  304 
Alaska,  906 
Albatrosses,  82 

Albumin,  175;  in  hen’s  egg,  690 
Albuminoids,  168 
Albumins,  168 

Alcohol,  211,  227;  wood,  361 
Alcoholic  fermentation,  235 
Alcohols,  155 
Aleutian  Islands,  906 
Alfalfa,  356;  stem,  328 
Alga,  65;  chromosome  number,  708 
Algae,  65,  195-206,  818;  blue-green,  195, 
196,  779;  brown,  203-206;  fowil,  820; 
fresh  water,  779;  green,  197-203;  red,  206 
/Mimentary  canal,  bee,  466;  passage  of  meal, 
564 

Alkalinity,  140-144 
Allantois,  691,  692,  694,  695 
Alleles,  724 
Allelomorphs,  724 
/MIergy,  248 
Alligator,  517 
Alligators,  81 
Almond,  316,  318 
Alternate  leaves,  294 

Alternation  of  gen»'rations,  66,  206,  270,  277- 
282,  308,  309,  698;  in  coelenterates,  400 
Aluminum,  117 

Alveolar  theory  of  protoplasm,  184 
Alveoli,  578 

Alveolus  of  lung,  569;  man,  578 
Amanita^  360 
Amazon  ants,  483 
Aml)cr,  810,  831 

Ambulacral  grooves  of  starfish,  498 
Ambyslomay  80 

American,  buffalo,  774;  Indian,  907 
Amctabolic,  77 
Amino  acetic  acid,  163 
Amino,  acids,  155,  162,  164,  166,  228,  563, 
565,  569,  570;  acids,  decomp>osition  of, 
166;  group,  155,  162,  163;  propane,  162, 
163;  proprionic  acid,  163 
Amitosis,  107 

Ammonia,  133,  228,  234,  570 
Ammonium,  carbonate,  570;  comp>ounds, 
229;  hydroxide,  570;  ion,  133,  139;  salts, 
234,  569 

Amnion,  691,  694,  695 

Amniotic,  cavity,  667,  691,  695;  fluid,  691 


Amoeba,  70,  71,  369-373;  absorption,  371; 
assimilation,  3^1;  contractile  vacuole,  370, 
372;  digestion  in,  371;  division  of,  373; 
ectoplasm  of,  369;  egestion,  372*  endo¬ 
plasm  of,  369;  excretion,  372;  food  vacuole 
of,  370;  method  of  feeding,  370;  nucleus 
of,  99;  plasma  membrane  of,  369;  plas- 
magcl  of,  369,  370;  plasmalcmma  of,  370; 
plasmasol  of,  369,  370;  pseudopodia  of, 
370;  reproduction,  373;  respiration,  372 
Amoeboid  mo\'emcnt,  370,  371 
Amphibia,  80,  516;  Age  of,  823;  eggs,  516; 

larvae,  516;  tadpoles,  516;  Uf  also  Frog 
Amphibian,  brain,  nerve  fiber  tracts,  633 
Amphibians,  80;  Age  of,  823 
Ampbioxuj,  513;  anus,  513;  atriopwre,  513; 
atrium,  513;  brain,  513;  brain  vesicle, 
513;  branchial  liars,  513;  caudal  fm,  513; 
dorsal  fin,  513;  fin  ra>'s,  513;  gill  clefts, 
513;  gill  slits,  513;  gonad,  513;  mouth, 
513;  myotome,  513;  nervous  sv^stem,  513; 
notochord,  513;  oral  hood,  513;  spinal 
cord,  513;  velar  tentacles,  513 
Amphitritr^  75,  796 
Anjbarruif  65 

Anabolism,  41,  186,  566;  in  animals,  189; 
in  green  plants,  187  189;  in  non-green 
plants,  189 

Anadonia,  500,  sre  also  Mussel 
AnaeroIx*s,  227 
Anaerobic  bacteria,  233 
AnaK-sis,  bacteriological,  232 
Analytical  point  of  view  in  science,  12 
Anapliasc,  cell  division,  108,  110 
Anas,  779 

Anatomy,  11,  14,  15;  comparative,  17;  of 
insects,  22 
Anatoxin,  248 
Anaximenes,  839 
Ancyiostoma,  424 
Androecium,  312 
Androsterone,  665 
Androtin,  665 

Angiospcrmac,  68,  69,  294-318;  fossil,  829 
.Angiosperms,  294-318;  ste  also  Flowering 
plants 

Angler  fish,  800 
Angleworm,  422-438 
Animal,  moss,  73 

Animal,  oogenesis,  706;  pole  of  egg,  676; 

spiermatogcncsis,  704;  spirits,  17 
Animalcule,  slipper,  379;  wheel,  73 
Animals,  activities  of,  64;  cellular  structure 
of,  64;  classification  of,  52;  contrasted 
with  plants,  64;  domestication  of,  905; 
energy  relations  of,  64;  evolution  of,  64; 
food  relations  of,  64;  moss,  496;  number 
of  spiecies,  61;  organization  of,  64;  saclike, 
391-401;  unicellular,  369 
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Annelid,  circulator^'  system,  439;  metamer¬ 
ism,  439;  nephridium,  439;  ventral  nerve 
cord,  439 

Annelida,  75,  76,  426-440,  492;  character¬ 
istics  of,  439 

Annelids,  426;  see  also  Annelida 

Annual,  plants,  295;  rings,  330 

Annular,  tracheids,  324;  vessels,  325 

Annulus,  fern,  265 

Anodonta^  500 

Anopheles^  388,  485 

Anoplura^  488 

Ant,  colony,  481;  fossil,  824;  nests,  481;  see 
also  Ants 

Antagonistic  muscle,  538 
Anteater,  523 
Antelope,  523 

Antenna,  bee,  462,  463;  cleaner,  bee,  463, 
464;  crayfish,  444,  445;  grasshopper,  454, 
455,  456;  lobster,  443 
Antcnnule  of  crayfish,  445 
Anterior  chamber  of  eye,  642 
Anther,  of  flower,  297,  302;  filament,  298 
Antheridial  nucleus,  pine,  290 
Antheridium,  Ascomycctc,  210;  fern,  268; 
Fuchs,  205;  Marchantia,  255;  moss,  257; 
Oedognmum,  199 

Antherozoifl,  fern,  268,  269;  moss,  257 

Anthoceros,  256 

AnthonomuSy  487 

Anthozoa,  397,  398 

Anthrax,  237 

Anthropoid  af>e.s,  883  885 

Anthropoidra,  883,  886 

Anthropology,  1  1 

Anlibiolir  agents,  250 

Antibodies,  244;  evidence  for  evolution,  851, 
852 

Antigen,  244 

Antipo<lal  (ells,  300,  302,  304 
Antitoxins,  244;  preparation  of,  246 
Ants,  78,  477;  ama/on,  483;  tastes,  481; 
drivel,  481;  fungus-growing,  482;  harvest¬ 
ing,  481;  legionary,  481;  j)olyinorphi(', 
481;  polymorphism,  482;  sl.ive-making, 
482;  soldiers,  481;  woikers,  481 
Anus,  AmphinxuSy  513;  Afcnns,  419;  develop¬ 
ment,  684;  mus-sel,  502;  J’ararneciurny  380; 
starfish,  498,  499 
Aorta,  man,  607;  mussel,  502 
Aorti(  arc  lies  of  man,  (»07,  f)08 
A|»e,  85,  521,  8  33;  (ompared  to  man,  885 
A|>e-man,  Java,  893 
A|*es,  (lanial  c.ip.icity,  885 
Aphids,  482 
A()his  lions,  78 
Aphto^hU,  4  38 
Api(al  cell,  Fmuf,  204 

462  4  71.  4  78;  see  also  Ilcc 
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Appendages,  biramous,  447;  crayfish,  444, 
445,  447;  vertebrate,  509 
Appendix,  vermiform,  552,  849 
Apple,  316,  317 
Apricot,  316 

Aquatic,  flowering  plants,  777-779;  mam¬ 
mals,  779 

Aqueous  humor,  644 

Arabella,  797 

Arachnida,  442 

Arachnoid  membrane,  622 

Arbacia,  74 

Archaeopteryx,  828 

Archaic  mammals,  831,  832 

Archegonia,  fern,  268,  269;  Marchantia,  255; 

moss,  257;  pine,  288;  Sclaginella,  Zl\  274 
Archenteron,  399 
Archeozoic  era,  815,  817 
Archnoidea,  78 
Argon,  128,  130 
Arisaema,  760 
Aristotle,  14,  48,  61,  839 
Aristotle’s  lantern,  790 
Arm,  Brachiopoda,  497;  starfish,  497 
Arm.adillo,  523,  834 

Art,  Aurignacian,  903;  of  early  man,  903 
Arterial,  blood  composition  of,  581;  system 
of  frog,  598,  600,  601;  system  of  human 
embryo,  606;  system  of  man,  606-608; 
system  of  tadpole,  598 
Arteries,  17,  18;  afferent  branchial,  595; 
crayfish,  450;  mussel,  501;  see  also  Arterial 
system 
Artery,  594 

Arthrobranchia  of  crayfish,  449 
Arthropod,  cxoskelcton,  442;  ganglia,  475; 
head,  441;  hypodermis,  442;  jointed  ap¬ 
pendages,  441 ;  mind,  475;  nervous  system, 
475;  thorax,  441 
Arthropoda,  see  Arthropods 
Arthropods,  76-78,  441-471,  475,  493;  struc¬ 
tural  type  of,  53 
Articular  cartilage,  537 
Artificial,  mutation,  738,  739;  partheno¬ 
genesis,  714;  selection,  870 
Artiodactyla,  523 

Ascaris,  419-422;  anus,  419;  cloaca,  420,  422; 
cuticle,  421;  eggs,  422;  ejaculatory  duct, 
422;  excretion,  422;  excretory  tubes,  422; 
intestine,  420;  mesoderm,  420;  muscle 
cells,  421 ;  nervous  system,  422;  ovary,  422; 
pharynx,  420;  pseudococl,  419;  rectum, 
420;  reproductive  organs,  422;  seminaJ 
vesicle,  422;  syncytium,  421;  testis,  422; 
uterus,  422;  vagina,  422;  vas  deferens, 
422 

Ascending  colon,  551,  552 
Asci,  209 
Ascidians,  512 
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Ascomycetcs,  209-213;  antheridium,  210; 

spore  fruit,  210 
Ascorbic  acid,  558 
Ascospore,  209,  212,  216 
Ascus,  212 

Asexual  reproduction,  49,  417,  673;  Hydra, 
37 

Ash,  317,  361 
Asia,  410,  414 
Asparagus,  360 
Aspergillus,  210 
Ass,  domestication,  905 
Assimilation,  amoeba,  371 
Association  neuron;  earthworm,  435;  eye, 
643;  see  also  Correlation  neuron 
Assortment,  free,  730 
Astacus,  451,  452;  see  also  Crayfish 
Aster,  771 
Aster  family,  69 

Asterias,  498,  788;  see  also  Starfish 
Astigmatism,  644 
Atebrin,  364 
Ateles,  883 

Atlas  vertebra,  frog,  532;  man,  532 
Atmosphere,  117;  composition,  581 
Atom,  neutral,  127;  nucleus  of,  126 
Atomic,  number,  127;  weight,  127 
Atoms,  116;  structure  of,  126 
Atrioporc,  Amphioxus,  513 
Atrium,  Amphioxus,  513;  Planaria,  404; 

urochord,  512 
Atropine,  363 
Atta,  482 

Auditory,  capsule,  frog,  529,  530;  center, 
636;  nerve,  633;  organ,  grasshoppier,  454; 
placode,  683;  vesicle,  683 
Augustine,  Saint,  840 

Aurelia,  396,  397;  enteron,  396;  gastric  fila¬ 
ment,  396;  gastric  pouches,  396;  gonad, 
396;  gullet,  396;  lappet,  396,  397;  life 
cycle,  397;  manubrium,  396;  nemato- 
cysts,  396;  radial  canals,  396;  ring  canal, 
396;  sense  organs,  397;  strobilization,  397; 
tentacles,  396 

Auricle,  dogfish,  595,  598;  frog,  604;  mam¬ 
mal,  610;  man,  607,  609,  610;  mussel,  502 
Auriculoventricular  aperture,  dogfish,  598; 

frog,  604;  valves,  frog,  604 
Aurignacian,  892;  art,  903;  culture,  904 
Australia,  410,  415,  519 
Australian,  Bushman,  skeleton,  896;  realm, 
803,  805,  806 

Australopithecus,  887;  skull,  891 
Austria,  423 

Autonomic  nervous  system,  638 
Autophytic  bacteria,  220 
Autosomes,  713 
Avena,  349,  357 
Average,  statistical,  713 


Aves,  81,  517 

Avoiding  reaction,  Paramecium,  381 

Awn  of  wheat,  355 

Axial  placentation,  313 

Axil  of  leaf,  294 

Axillary  bud,  296 

Axis,  vertebra  of  man,  532;  optic,  643 
Axon,  106,  618 
Azotobacter,  223,  229,  231 
Aztec,  906 

Baboon,  883 
Bacillaceae,  223 

Bacillus,  221,  223,  228,  237;  tulxrrcle,  241 
Back  swimmer,  783 

Backcross,  725,  726;  explanation,  725;  snap¬ 
dragon,  725 
Bacon,  Francis,  840 

Bacteria,  22,  48,  66,  91,  220-251,  485,  564, 
761;  aerobic,  233;  anaerobic,  233;  and 
disease,  236-246;  and  tlrugs,  250;  auto¬ 
phytic,  220;  chemical  activities,  227,  228; 
classification,  222;  colonics,  225,  226; 
culture,  225;  denitrifying,  230;  estimating 
number  of,  225;  higher,  223;  in  industry, 
235,  236;  involution  forms,  221;  lactic 
acid,  228;  lower,  222;  nitrifying,  230,  231; 
nitrogen-fixing,  229;  pure  culture,  226; 
saphrophytic,  220;  size,  220;  soil,  228; 
subculiuring,  226;  sulphur,  223;  in  water, 
231 

Bacteriaccae,  223 

Bacteriological  analysis,  232 

Bacteriology,  11,  220 

Bacteriophage,  249 

Badger,  520,  771,  772 

lialanoglossus,  512 

Balantidium,  386 

Balanus,  786 

Banks,  blood,  593 

Barberry,  214 

Barley,  317,  357,  905 

Barnacle,  76,  786,  787 

Barriers,  803,  854 

Basal  metabolism,  557,  572,  573 

Base,  141,  142;  conjugate,  142,  143;  leaf,  333; 

strong,  143;  weak,  143 
Bases,  140 

Basidiomycetes,  213-216 

Basidiospore,  mushroom,  215 

Basidiospores,  214 

Basidium,  mushroom,  215 

Bass,  black,  781;  sea,  800 

Bat,  83,  519,  520;  wing  homology,  848 

Bats,  855 

Beach,  flea,  792;  sandy,  792;  sandy,  life  on, 
791 

Beak  of  bird,  517 
Bean,  305,  306,  316 
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Bear,  848;  black,  766 
Beard  of  wheat,  355 
Beat  of  heart,  612 
Beaver,  85,  523 
Bedbug,  486 

Bee,  762;  air  sacs,  467;  alimentary  canal, 
466;  antenna,  462,  463;  antenna  cleaner, 
463,  464;  body  muscles,  464;  brain,  468; 
brood  cells,  479;  bumble,  488;  Carniolan 
race,  478;  cocoon,  479;  colony,  480,  481; 
compound  eyes,  463,  468,  469;  copulatory 
pouch,  470;  coxa,  463;  crop,  465;  digestive 
system,  466;  drone,  469;  ejaculatory  duct, 
469;  esophagus,  465,  466;  eye,  462;  eye 
brush,  463,  464;  femur,  463;  fertilization, 
471,  481;  flight,  465;  forewings,  463; 
fossil,  824;  ganglia,  467,  468,  469;  German 
race,  478;  hemocoel,  464;  hive,  479; 
honeycomb,  479,  481;  hypopharynx,  463; 
internal  structure,  464;  intestine,  466; 
Italian  race,  478;  labium,  463;  labrum, 
463;  larva,  479;  leg,  463,  male,  469,  481; 
Malpighian  tubules,  466,  467;  mandibles, 
463;  maxillae,  463;  mesothorax,  463; 
metamorphosis,  479;  metathorax,  463; 
milk,  479;  mouth,  465;  muscular  system, 
464;  nerve  cord,  467;  nervous  system, 
468,  469;  nests,  478;  nuptial  flight,  481; 
ocelli,  463,  468,  469;  optic  lobe,  468; 
ovarian  tubules,  470;  ovaries,  470;  par¬ 
thenogenesis,  471;  penis,  469;  pharynx, 
466;  pleura,  462;  poison  sac,  470;  pollen 
basket,  463,  464;  pollen  brush,  463,  464; 
pollen-cf)llccting,  464;  pollen  comb,  462- 
464;  pollen  compressor,  462-464;  pro¬ 
boscis,  462,  463;  prothorax,  463;  pro- 
ventriculus,  465,  466;  queen,  479,  480, 
481;  rectal  gland,  466;  rectum,  466; 
reproductive  organs,  469,  470;  respiratory 
system,  467;  royal  jelly,  480;  salivary 
glands,  466,  467;  seminal  vesicles,  469; 
sense  organs,  468;  spermallieca,  470,  481; 
spermatozoa,  481;  sj)ira(le,  462,  467; 

sleitium,  462;  sting,  464,  470;  stomach, 
466;  swarm,  480;  tarsus,  462  464;  tergum, 
462;  testis,  469;  tibia,  462  464;  tongue, 
462;  trachea,  467;  tracheoles,  467;  tro- 
(  hanter,  463;  vagina,  470;  vascular  system, 
468;  vas  dehMcns,  469;  v('ntriculus,  466; 
wax,  479,  481;  wax  pick,  462  464;  wax 
pincers,  462;  wax-working,  464;  wing, 
464;  wing  movement,  465;  wing  muscles, 
465;  woi  kers,  478,  481 
Berl,  broth,  48;  tapeworm,  414 
llcrs,  78,  477,  478 
llrrt,  424 

lJ<clle,  488,  762;  diving,  783;  fossil,  824; 

larva,  7t)2;  potato,  488 
ll<-et  les,  78,  477 


Behavior,  627 
Belladonna,  363 
Benefit,  mutual,  756 
Berberis,  214 
Beriberi,  559 
Berry,  316 

Bicarbonate  ion,  139,  141 
Bicarbonates,  586 

Bicuspid  valve  of  heart,  mammal,  610,  611; 

man,  610 
Biennials,  296 
Bilateral  symmetry,  415 
Bile,  563;  duct,  man,  551,  553;  duct,  frog, 
549,  550 

Binomial  system  of  nomenclature,  60 
Biochemistry,  11 

Biological,  features  of  geological  record,  834; 
principles,  388,  425;  principles,  coelen- 
terata,  399;  problems,  415;  sciences,  10 
Biophysics,  11 
Biotin,  559,  560 
Biramous  appendage,  445,  447 
Birch,  332,  361;  stem,  331 
Bird,  fossil,  829,  831;  lice,  78,  488;  wings, 
homology,  848 

Birds,  81,  517;  fossil,  828,  829;  prairie,  773; 

toothed,  829;  water,  780 
Bison,  523,  774,  902 
Bittersweet,  761 
Black  bass,  781 
Blackbirds,  82 
Bladder,  urinary,  661,  664 
Bladderworm,  411,  413,  415 
Bladderwort,  785 
Blade,  leaf,  294,  295 
Blastocoel,  690;  starfish,  676 
Blastoderm,  690 

Blastodermic  vesicle,  695;  of  rabbit  egg, 
593 

Blastodisc,  690 
Blastopore,  676,  679 
Blastula,  starfish,  676;  frog,  677 
Blight,  361 

Blind  spot  of  eye,  642,  644 
Blood,  89,  144,  557;  agglutinating  substances 
in,  591,  592;  banks,  593;  capillaries,  594; 
cells,  106;  circulation  of  the,  17,  18;  clot, 
591;  count  of  corpuscles,  589;  earthworm, 
432;  fluke,  410;  frog,  588;  functions,  590; 
man,  588,  589;  plasma,  588,  589,  593, 
platelets,  588;  pressure,  586,  613;  serum, 
591;  sinuses,  crayfish,  450;  sugar,  566; 
transfusion,  592,  593;  types,  591-593; 
vessels,  593;  vessels,  development,  687 
Blood-root,  761 
Blubber,  524 
Blue  Hag,  69 

Hluc-grccn  algae,  195,  196 
blue  molds,  210 
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Blucstcm,  770 
Boat  shell,  789 
Boats,  seagoing,  906 

Body,  cavity,  420,  426,  539;  cell  of  pine,  289; 
cells,  388;  central.  111;  distribution  of 
materials  in,  565,  566;  louse,  486;  muscles, 
bee,  464;  nucleus,  pine,  290;  pituitary, 
656,  657;  temperature,  571,  591 
Boil,  history  of,  240 
Bcdl  of  cotton,  362,  487 
Bolus,  561 
Bombyx^  484 

Bond,  chemical,  151;  coordinate,  131,  132, 
134;  covalent,  131,  132,  134,  155;  double, 
153;  formula,  151;  triple,  153;  valence, 
131 

Bone,  104,  514,  528;  cell,  104,  105;  substance, 
105 

Bones,  41,  557 

Bony,  fish,  514;  fish,  fossil,  825 
Book  louse,  488 
Border  cells,  leaf,  335 
Borer,  corn,  487 
Boron,  117 

Botany,  10;  cryptogamic,  11;  phanerogamic, 
11 

Botulism,  231 
Bovidac,  523 

Bowman’s  capsule,  kidney,  584 
Brachial,  plexus,  624,  626;  vein,  602 
Brachiopoda,  497;  arm,  497;  coelom,  497; 
fossil,  821;  heart,  497;  intestine,  497; 
lophophore,  497;  mantle,  497;  mouth, 
497;  nephridium,  497;  stomach,  497 
Bracts,  296 

Brain,  15,  628-632;  Amphioxus,  513;  bee,  468; 
cephalic  flexure,  630;  cervical  flexure,  630; 
conduction  path  of,  Necturus,  634;  con¬ 
volutions,  630;  flexures,  630;  freg,  628, 
680;  human,  630;  mussel,  502;  tadpole, 
680-682;  vesicle  of  Amphioxus,  513;  v'csicle 
of  urochord,  512 
Bran,  356 

Branchiae,  dermal  of  starfish,  499 
Branchial  artery  of  frog,  600;  bars,  AmphioxuSy 
513;  pouch,  684 
Branchiostegite  of  crayfish,  449 
Brassica,  358 
Brazil,  415 
Brazil  nut,  318 

Bread,  212,  356,  357,  555;  mold,  206—209 
Breathing,  costal,  579;  diaphragmatic,  578; 

frog,  575-577;  man,  578 
Breeding,  experimental,  see  Heredity 
Bristle  worm,  75,  76 
Bristletails,  78 
Brittle  stars,  75 
Broccoli,  359 
Bronchi,  man,  577 


Bronchiole,  man,  578 
Bronchus,  man,  578 
Brontosaurus y  824 
Bronze  Age,  907 
Brood  cells,  bcc,  479 

Brown,  algae,  203-206;  bat,  520;  Robert, 

88,  122 

Brownian  movement,  122,  123,  124,  173 
Brown-tail  moth,  487 
Brussels  sprouts,  358,  359 
Bryalcs,  262 
Bryophyta,  66 

Btyozoa,  73,  74,  496,  783;  coelom,  496; 
esophagus,  496;  intestine,  496;  lopho¬ 
phore,  496;  nephridia,  496;  ovary,  496; 
statoblast,  496;  stomach,  496;  testis,  496 
Buckthorn,  364 
Buckwheat,  317 

Bud,  212,  327;  adventitious,  296;  axillary, 
296;  Hydra,  37;  Sfarchantia,  254;  taste,  640; 
terminal,  296 
Budding,  212;  moss,  261 
Buffalo,  775,  833;  American,  774 
Buffer  reaction,  144,  145 
buffers,  144;  effect  of,  145 
Buffon,  George  L.  L.,  840 
Bug,  electric-light,  783;  sow,  782 
Bugs,  78 

Bullfrog,  776,  781;  chromosome  number, 
798 

Bullhead,  782 
Bulrush,  777 

Bumblebee,  478,  488;  social  organization, 
478;  worker,  478 
Burrowing  owl,  772 
Busycon,  798 
Butane,  152 
Butorides,  779 

Buttercup,  297,  304,  317;  family,  68;  ovary, 
298 

Butterfly,  78,  488,  762 
Butyl  alcohol,  236 

Cabbage,  358;  Savoy,  358 
Cactus  family,  69 
Caddis  fly,  78,  488;  fossil,  824 
Caecum,  849;  man,  551,  552 
Calciferol,  558 

Calciferous  glands  of  earthworm,  431 
Calcium,  117,  130,  557;  ion,  139 
Calf  embryos,  851 
Callinectes,  796 

Calorie,  gram,  124;  kilogram,  125 
Calories,  571;  daily  requirement,  573 
Calorimeter,  571,  572 
Calyptra,  moss,  260 
Calyx,  flower,  297 

Cambarus,  442,  445,  453,  782;  see  also  Cray¬ 
fish 
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Cambium,  326;  cork,  327,  329,  331;  inter¬ 
fascicular,  329;  of  root,  326;  of  stem,  328- 
330 

Cambrian,  817 

Camel,  85,  523 

Canada,  487;  balsam,  94 

Canal,  cells  of  fern,  268;  lacrimal,  642 

Canals,  sponge,  494 

Candelabra  plant,  66 

Candolle,  de,  847 

Cane  sugar,  157,  359,  563 

Canine  teeth,  546 

Cannibalism,  893 

Cap  of  mushroom,  215 

Capillaries,  18,  594 

Capillary  attraction,  170,  343 

Capillary  tubes,  170 

Caps,  polar,  110 

Capsule,  bacteria,  221;  fern,  265;  fruit,  316; 

joint,  537;  moss,  260 
Carapace,  crayfish,  443,  449 
Carbohydrate  metabolism,  566,  567 
Carbohydrates,  157,  189,  555,  556,  557,  571; 
energy  in,  160 

Carbon,  116,  117,  118,  130,  155;  chains,  152; 
cycle,  191,  753;  dioxide,  132,  147,  153,  752; 
tetrachloride,  424;  transport,  590 
Carbonate,  ammonium,  570;  ion,  141,  142 
Carbonic  acid,  140,  141,  144,  145 
Carbonization,  fossils,  810 
Carboxyl  group,  155,  570 
Carchesium,  385,  386 

Cardiac,  portion,  stomach,  552;  vein,  frog, 
602 

Cardinal  veins,  dogfish,  596 
Cardioaccclcrator  centers,  613 
Cardioinhibitor  centers,  613 
Carette,  802 
Carinatae,  517 
Carnation  family,  68 
Carnivora,  520 
Carotene,  559 

Carotid,  arch,  frog,  599;  artery,  mammal, 
610;  artery,  man,  610;  gland,  frog,  600 
Carp,  410 
C:arpal,  529,  535 
Carjxd,  flower,  297,  299 
Carpellate  cones  of  pine,  286,  287 
Carpf'iiter  wasps,  475 

Carrel,  Alexis,  92;  culture  of  fibroblasts,  93 
(  lart  iers  of  diseases,  241 
(lai  rot,  360 

(Cartilage,  104,  528;  articular,  537;  cell,  104, 

1 05;  substance',  104,  105 
(lascara  sagiada,  364 
Cast  fossil,  810 
('tisiiilid,  776 

(  lasics,  ants,  481;  termites,  483 
(laslings,  raitliworm,  437 


Castor  oil,  364 

Cat,  83,  408,  520,  848 

Catalysts,  148 

Catarrhini,  883 

Catastrophism,  841 

Caterpillar,  473;  tent,  767 

Catfish,  782 

Catkins,  310 

Catskill  Mountains,  820 

Cattail,  777 

Cattle,  414,  415 

Caudal,  artery,  dogfish,  595;  fin,  Amphioxus, 
513;  vein,  dogfish,  595,  596 
Cauliflower,  358,  359 
Cave  men,  902 
Cavities,  pleural,  541 

Cavity,  abdominal,  540;  of  arrmion,  694; 
body,  420,  539;  joint,  537;  pericardial, 
540;  peritoneal,  540 
Cebidae,  883,  886 
Cedar,  283 

Cell,  27,  39,  100,  102;  cone,  645;  differentia¬ 
tion,  41,  90;  differentiation  in  root,  322; 
division,  30,  91,  107,  111;  division  in 
Spirogyra,  30;  general  description  of,  94; 
generalized  diagram  of,  95;  generative, 
301;  growth  of,  40;  liver,  569;  metabolism, 
186;  nerve,  618;  observation  of  living,  92; 
organoids,  96;  origin  of  term,  88;  plate, 
111;  principle,  87-90;  products,  89; 
Purkinje,  106;  rod,  645;  sap,  98,  101;  sap, 
Spirogyra,  28;  sensory,  641;  size,  40,  91; 
theory,  90;  tube,  301;  wall,  27,  95,  100, 
101, 111 

Cells,  96;  blood,  106;  body,  388;  bone,  104; 
collar,  494;  companion,  325;  epithelial, 
104;  fat,  568;  germ,  388,  389;  of  human 
body,  92;  liver,  568;  nerve,  106;  plant, 
100;  shapes  of,  91;  soma,  see  Somatic; 
somatic,  388,  703;  specialization  of,  90; 
spindle,  588;  stinging,  71;  techniques  for 
study,  92 

Cellular  structure,  of  animals,  64;  of  plants, 
64 

Celluloid,  362 
Cellulose,  95,  160,  362 
Cement,  546 

Cenozoic,  815,  816,  830-834 
Center  of  dispersal,  853 
Centimeter,  92,  121 
Centipede,  76,  441,  762 
Central  America,  424,  487 
Central,  body,  98,  100,  111;  body  of  Oscil- 
latoria,  196;  canal  of  spinal  cord,  622; 
nervous  system  of  Hermichorda,  512; 
nervous  system  of  man,  625;  placentation, 
313 

Ccntriolc,  95,  98,  108,  110,  111 
Ccnlrosome,  95,  98,  108,  110,  111 
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Ccntrosphcrc,  95 
Ck:ntrum  of  vertebra,  531 
Cx-phalic  flexure  of  brain,  630,  631 
Cephalization,  441,  493 
Ccphalochorda,  513 
Ccphalopod,  fossil,  821,  825 
Cxrphalopoda,  75 

Ccphalothorax,  crayfish,  443,  444;  lobster, 
443 

Ccrcariae,  Clonorchis^  410;  liver  fluke,  407,  408 
Cercopithecidae,  886 
Cereal  grains,  355 
Cereals,  229 

Ccrcl>cllum,  frog,  629,  630;  man,  545,  625, 
631 

Cerebral,  cortex,  637;  cortex  of  man,  630, 
631;  ganglion  of  earthworm,  428;  hemi¬ 
sphere  of  frog,  629 

Cerebro-pleural  ganglion  of  mussel,  501 
Cerebrum,  man,  545 

Ccr\’ical,  enlargement  of  man,  625;  flexure 
of  brain,  630,  631;  plexus,  626;  plexus  of 
man,  625;  vertebra  of  man,  532 
Cervix  of  uterus,  664 
Cx'salpinus,  Andreas,  18 
Cestoda,  73 
Cetacea,  524 
Charlopus,  522 
Chaetopoda,  438,  797 
Chain,  compounds,  153;  food,  757 
Chalaza,  690 
ChalinOy  70 
Chalk,  374 
Chara,  66 

Character,  acquired,  716,  717;  Mendelian, 
734,  735;  sex-linked,  731-733;  unit,  729 
Characteristics  of  Annelida,  439;  of  living 
things,  27-50 

Cheese,  236;  Gorgonzola,  211;  Roquefort, 
211 

Cheliped,  crayfish,  445,  446;  lobster,  443 
Chellean,  culture,  892,  900,  901;  hand  axe, 
901 

Chelles,  900 

Chemical  activities  of  bacteria,  227,  228 
Chemical,  activity  at  interfaces,  171;  com¬ 
pounds,  130,  752;  cycles,  190,  191,  752; 
elements  in  protoplasm,  116-118;  en¬ 
vironment,  750;  reactions,  energy  in,  146; 
stimulus,  46,  47;  substances,  115 
Chemosynthesis,  231 
Chemotropism,  348,  711 
Cherry,  310,  316,  361 
Chestnut,  361 

Chick,  22;  cleavage,  690;  development,  689; 

embryos,  851 
Chickadee,  81,  82,  767 
Chicken,  pox,  242,  249;  prairie,  773 
Childbirth,  668,  669 


Chilojxxla,  76 
Chimeras,  79 

Chimpanzee,  522,  884;  precipitins,  852 

China,  424,  485 

Chipmunk,  522,  523 

Chiroptera,  519 

Chitin,  442;  grasshopper,  454 

Chiton^  788 

Chlamydobacteriales,  223 
ChlamydomonaSy  103 

Chloragogen,  cells,  earthworm,  430,  432 
Cihlorids,  586 
Chlorinated,  water,  234 
Chlorine,  117,  129,  130,  557 
Chloroplast,  28,  103;  Euglrna,  375;  Spirogyra^ 
29 

Chlorophyccac,  197-203 
Chlorophyll,  28,  102,  343 
C’hloroplastids,  97 

Chloroplasts,  97,  100,  102,  197,  345;  EugUna, 
376 

Cholccystokinin,  563 

Cholera,  232,  239,  242,  245,  246,  485 

Chondrichthyes,  79,  514 

Chondriosomc,  95,  97,  100,  102 

C:hordata,  78,  511;  gill  slits,  51 1 

Chordates,  78-85 

Chorion,  694,  695 

Choroid,  coat,  643;  plexus,  frog,  629,  630; 

plexus,  man,  631 
Choukoutien,  893 
Chromatic  aberration,  21 
Chromatid,  108-110 
Chromatin,  95,  99,  100,  107 
Chromomercs,  109 
Chromoplastids,  97,  100 
Chromoproteins,  168 

Chromosomes,  107-109,  278,  706-708;  con¬ 
tinuity  of,  708-709;  crossing  over,  710; 
dyad,  705;  history  of,  706;  homologous, 
279;  human,  707;  number,  708;  point  of 
attachment  of,  110;  rcassortment  of,  280; 
reduction  of,  280;  salivary  glands,  709; 
sex,  712,  713;  structure,  709;  synapsis, 
710;  tetrad,  704 
Chyme,  562 
Chryseniys,  81 
Cicada,  488;  fossil,  824 
Cilia,  70,  98,  100;  Paramecium^  380 
Ciliary  muscles,  644 
Ciliated  larvae  of  fluke,  407 
Cimex^  486 
Ciona^  791 

Circular  muscle,  earthw'orm,  429,  430 
Circulation  of  blood,  17,  18;  crayfish,  445; 
earthworm,  433;  greater,  18;  lesser,  18; 
pulmonary',  18;  simple  vertebrate,  594; 
systemic,  18;  tadpole,  598;  see  also  Cir¬ 
culatory  system 
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Circulatory  system,  annelid,  439;  grasshop¬ 
per,  460;  vertebrate,  509 
Circumesophageal  connective  of  crayfish,  460 
Circumpharyngeal  connective  of  earthworm, 
434 

Cistema  chyli,  614 
Civilization,  beginning  of,  906 
Cladothrix^  223 

Clam,  chromosome  number,  708;  long¬ 
necked,  795;  razorshelled,  794;  soft-shelled, 
795 

Clams,  75 

Clamworm,  76,  438 
Clasping  instinct,  frog,  66 
Class,  62 

Classification,  63;  of  animals,  52;  of  bacteria, 
222;  Darwin  on,  845;  of  domestic  dog,  62, 
63;  as  evidence  for  evolution,  845-847; 
of  fruits,  318;  man,  886;  Natural  System 
of,  845;  of  oak,  63;  of  organisms,  60;  of 
plants,  52;  principles  of,  846;  of  white  oak, 
62 

Claviceps^  211,  363 
Clavicle,  533 
Claws,  grasshopper,  457 
Cleavage,  chick,  690;  equal,  691;  frog,  677- 
679;  holoblastic,  690;  meroblastic,  691; 
starfish,  675;  unequal,  691 
Climate,  756 
Climatic  zone,  805 
Clitcllum,  earthworm,  427,  436 
Cloaca,  Ascaris,  420,  422;  development,  684; 
frog,  548,  582,  660 

Clonorchis,  408-410;  ccrariac,  410;  excretory 
tube,  409;  life  cycle,  409;  ovary,  409; 
rcdiac,  410;  seminal  receptacle,  409; 
seminal  vesicle,  409;  sporocysts,  410; 
testis,  409;  vas  efferens,  409;  see  also  Fluke 
and  Fiver  Idukc 
Clostcrium,  202 
CdostridiuWy  223,  243 
Clot,  blood,  591 
Clothes  moth,  489 
Clotting  of  blood,  591 
Clover,  310 
( :hib  mosses,  272  275 
Ciiidaria,  391 
(  Inifloblasts,  39 1 
Cni(lo(  il.  Hydra,  391,  392 
( loagnhim,  175,  176 
Coal,  114,  363,  822 

(  loal('S(  ence,  3 1  2 
( Io<  (  a(  rae,  223 
Coccus,  220 

(loccygcal  vertebra,  532 
(  !()( (  yx,  mail,  664,  849 
(  loi  lile.i,  ear,  648 
Co(  kroac  h,  388;  fossil,  824 
( Io«  (1.1,  236 


Cocoon,  bee,  479;  earthworm,  436,  437 
Cod, 515 
Codfish,  515 

Coelenterata,  71,  391-401,  491;  alternation 
of  generations,  400;  biological  principles, 
399;  colony  formation  in,  401 
Coelenteron,  33;  see  also  Gastrovascular 
cavity 

Coeliac  artery,  dogfish,  595;  man,  607 
Coeliaco-mesenteric  artery,  frog,  600 
Coelom,  420,  426,  429,  492,  493,  539,  541; 
Brachiopoda,  497;  Bryozoa,  496;  crayfish, 
448;  development,  686;  earthworm,  430; 
frog,  541,  680;  mussel,  501;  starfish,  499 
Coelomic  fluid,  429,  540 
Coenocyte,  207 
Coenosarc,  Obelia,  392,  393 
Coffee,  236 

Cohesion  of  water,  343 
Colaptes,  767 
Cold-blooded,  516,  570 
Cold  storage,  234 
Coleoptera,  488;  fossil,  824 
Coleoptile,  314,  315,  350 
Collar  bone,  man,  533 
Collar  cells  of  sponge,  494 
Collar,  Dolichoglossus,  510;  Hemichorda,  512 
Collarworm,  see  also  Balanoglossus,  Dolicho¬ 
glossus,  and  Hemichorda 
Collateral  branch  of  nerve  cell,  619 
Collecting,  duct  of  kidney,  584;  tubules  of 
kidney,  582,  585,  659 
Collembola,  488 

Colloidal  particles,  173;  systems,  172-176; 
systems,  types  of,  174 

Colon,  564;  ascending,  551,  552;  bacillus, 
232;  descending,  551,  552;  man,  551,  552; 
sigmoid,  551;  sigmoid  flexure,  553,  trans¬ 
verse,  551,  552 
Colonies,  491 

Colonies  of  bacteria,  225,  226 
Colony,  413;  ant,  481;  bee,  480,  481;  forma¬ 
tion,  388;  formation  in  coelenterates,  401; 
termite,  483 
Color,  man,  729 
Coloration,  protective,  872 
Colors  of  fruits,  98 

Columella,  frog,  646;  moss,  260;  Rhizopus, 
207 

Columnar  epithelium,  104 
Commensalism,  401 

Common,  bile  duct,  549;  carotid  artery,  604, 
607;  cold,  249;  iliac  artery  of  frog,  600, 
601;  iliac  artery  of  man,  607;  iliac  vein  of 
man,  609 

Communicable  diseases,  242 
Community,  plant-animal,  757 
Companion  cells,  103,  325 
Comparative  anatomy,  17 
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Competition,  757 
Complcmcntal  air,  580 
Composition,  of  blood  plasma,  590;  of  foods, 
555 

Compound,  chemical,  115;  eye  of  bee,  463, 
468,  469;  eye  of  crayfish,  450;  eye  of 
grasshopp)cr,  454,  455,  460;  flower,  310; 
microscope,  19,  20,  24;  pistil,  312 
Compounds,  chain,  153;  chemical,  130; 
covalent,  132,  1 35;  electrovalent,  134,  135, 
137;  nonpolar,  134,  135;  polar,  134,  135; 
ring,  153;  valent,  137 

Concentration,  of  hydronium  ion,  140,  144; 
of  hydroxyl  ion,  140,  143;  ionic,  139;  of 
solute,  136 

Conceptacles,  Fucus,  205 
Conch,  798 
Condensation,  159 

Conditioned,  reflex,  635-637;  salivary  reflex, 
635-637 

Conditions  for  photosynthesis,  345 

Conducting  tissue,  102,  325 

Conduction  path,  brain  of  Necturus^  634; 

through  plant,  341-343 
Cone  cell,  643,  645 
Cones,  pine,  284;  Selaginella,  272 
Conidiophores,  209 
Conidium,  210 
Conidium-bcaring,  211 
Conifer,  67,  68 
Coniferalcs,  292 
Coniferous  forest,  758,  806 
Conjugate  acid,  142 
Conjugate  base,  142,  143 
Conjugation,  Paramecium^  382,  384,  385 
Conjugation  tubes,  Spirngyra,  31 
Conjunctiva,  641,  642 
Conjunctivitis,  242 
Connective  tissue,  91,  538 
Conocephalus,  11 

Consanguineous  marriage,  742 
Conservation,  of  energy,  125;  of  mass,  114; 

of  matter,  114;  of  natural  resources,  23 
Constituents,  155 

Continuity,  of  chromosomes,  708,  709;  of 
germ  plasm,  865;  of  life,  48 
Continuous  phase,  174 
Contractile  vacuole,  amoeba,  370,  372; 
ChlamydomonaSy  103;  Euglena^  375;  Para¬ 
mecium,  380,  381 
Contribution  of  gametes,  712 
Control,  in  an  experiment,  5;  insect,  489 
Conus  arteriosus,  dogfish,  595,  598;  frog,  605 
Convergence,  308 
Convolutions,  brain,  630 
Cony,  523 
Cooking,  555 

Coordinate  bond,  131-134 
Coordination,  eye,  643;  nervous,  47 


Cootie,  486,  488 
Cof>cpod,  782 
Copp)cr,  1 17,  907 

Copulation,  666;  earthworm,  436,  437 
Copulatory  pouch,  bee,  470 
Coracoid,  bone,  frog,  533;  process,  man,  533, 
534 

Cx)ral,  72,  398;  fossil,  825 
Corallines,  206 

Cord,  spinal,  621;  vocal,  576,  577 
Cork,  87,  88,  89,  327,  331,  361;  cambium, 
327,  329,  331;  oak,  361 
Cormorants,  82 

Corn,  314,  317;  borer,  487;  chromosome 
number,  708;  dent,  357;  glumes  of,  357; 
Indian,  357;  inflorescence  of,  357;  lem¬ 
mas  of,  357;  meal,  358;  oil,  358;  palets  of, 
357;  plant,  uses  of,  358;  spike  of,  357; 
stem,  332;  sweet,  357 
Cornea,  642,  643 
Cornstalk  borer,  487 
Cornstarch,  358 
Corolla,  flower,  297 
Corpxara  quadrigemina,  631 
Corpus  caJlosum,  545,  630 
Corpus  luteum,  666,  702,  704 
Corpus  striatum,  631,  637 
Corpuscle,  blood,  588,  589;  Malpighian,  21; 
renal,  582 

Correlation,  center,  636;  neuron,  622,  627 
Cortex,  adrenal,  652;  Fucus,  204;  kidney, 
584;  root,  323;  stem,  328-330 
Cortical  substance,  kidney,  584 
Cortin,  652,  654 
Corymb,  310 

Corynebacterium,  223,  228,  242 
Costal,  breathing,  579;  cartilages,  man,  532 
Cotton,  362,  487;  boll  of,  362,  487;  gin,  362 
Cotton-boll  weevil,  487 
Cotyledon,  68,  305,  314;  of  pine,  291 
Course  of  blood,  dogfish,  596 
Covalent,  bonds,  131,  132,  134,  155;  com¬ 
pounds,  132,  135,  137 
Cow,  domestication,  905;  sea,  524 
Coxa,  bee,  463;  grasshopper,  454,  457 
Coyote,  775 

Crab,  apple,  311;  blue,  795,  796;  edible, 
796;  fiddler,  796;  hermit,  790;  horseshoe, 
792,  793;  Jonah,  791;  king,  792,  793; 
lady,  793;  larva,  801;  louse,  486;  soft- 
shelled,  453;  spider,  795 
Crabs,  410 
Cranes,  82 

Cranial,  capacity,  896;  capacity  of  apes,  885; 
capacity  of  man,  885;  capacity  of  Pithe¬ 
canthropus,  894;  nerve,  632,  633;  nerves  of 
frog,  624;  nerves  of  man,  625;  reflex,  633; 
reflex  arc,  633 

Cranium,  frog,  529,  530;  man,  530,  545 


INDEX 


951 


Crawfish,  442—453;  see  also  Crayfish 
Crayfish,  410,  441,  442-453,  782;  abdominal 
appendages,  446;  antenna,  444,  445; 
antennule,  444,  445;  appendages,  444, 
445,  447;  arteries,  450;  arthrobranchia, 
449;  biramous  appendage,  445;  blood 
sinuses,  450;  branchiostegite,  449;  cara¬ 
pace,  443,  449;  cephalothorax,  443,  444; 
cheliped,  445,  446;  chromosome  number, 
708;  circulation,  445;  coelom,  448;  com¬ 
pound  eyes,  450;  cross  section,  443,  449; 
digestive  glands,  449;  digestive  system, 
449;  ecdysis,  453;  endopodite,  444,  445; 
epipodite,  444;  esophagus,  445;  excretory 
system,  450;  exopodite,  444;  extensor 
muscle,  448;  eye,  445,  451;  flexor  muscle, 
449;  gastric  mill,  445,  449;  gill  chamber, 
450;  gills,  450;  heart,  449;  hemocoel,  450; 
mandible,  444-446;  maxilla,  444,  446; 
maxilliped,  444-446;  metamerism,  443, 
444;  mid-gut,  450;  mouth,  445;  muscle, 
443,  445,  448;  muscle  action  of,  448; 
muscle  of  claw,  448;  mysis  stage,  449; 
nephridial  pore,  444;  nephridium,  445; 
nervous  system,  451;  ommatidia,  451; 
organ  of  equilibrium,  445;  ovaries,  452, 
449;  oviducts,  452;  pericardial  sinus,  449; 
pleopods,  446;  pleurobranchia,  449;  pleu- 
ron,  443,  444;  podobranchia,  449;  pro- 
topodite,  443-445;  reproductive  organs, 
452;  respiratory  system,  450;  rostrum, 
450;  seminal  receptacles,  452;  sperm  duct, 
445;  sternum,  443;  stomach,  445;  sube- 
sophageal  ganglion,  451,  452;  swimmeret, 
443;  tclson,  446;  tergum,  443,  444;  testes, 
452;  thoracic  ganglion,  451;  uropods, 
446;  vasa  deferentia,  452;  vascular  system, 
450;  walking  legs,  446 
Creatine,  567 
Creatinine,  586 
Creodonta,  832 
Crrtaccous,  816,  826 
Cretin,  653 
Crinoid,  fossil,  821 
Crithidial  forms,  ’frypamsoma^  yi?> 

Crocodile,  81,  517 

Cro-Magnon  man,  896;  description,  898; 

restoration,  898;  skull,  891 
Crop,  bee,  465;  earthworm,  428,  431 
Crops,  489;  rotation,  230,  536 
Cross,  fertili/.ation,  277;  guinea  j>ig,  726;  in¬ 
volving  free  assortment,  726-729;  mono¬ 
hybrid,  720,  725;  pea  plant,  723;  section, 
(  rayhsh,  443,  449;  section  of  frog  intestine, 
54');  simple,  720,  725;  snapdragon,  721 
Crossing  over,  710,  711,  730 
(  !rossn[)lei  fdi,  515,  516 
(  It oss-pol  I  iiiat  ion,  3 1  3 
(  Irowu,  tooth,  516 


Crows,  82 

Crura  cerebri,  frog,  630;  man,  631 
Crustacea,  76,  414,  442,  453,  819 
Cryptogamic  botany,  11 
Crystal,  40 
Cuckoos,  82 
Cucumber,  316 

Cultivated  plants,  origin  of,  353 
Cultivation,  as  evidence  for  evolution,  853; 
of  bacteria,  223-226;  of  plants,  353,  354; 
of  wheat,  356 
Cultural  ages  of  man,  898 
Culture,  899;  of  bacteria,  225;  Carrel,  of 
fibroblasts,  93;  Early  Paleolithic,  900, 
901;  in  vitro,  93;  in  vivo,  93;  Late  Paleo¬ 
lithic,  903;  mass,  247;  medium,  224; 
Middle  Paleolithic,  902-903;  Neolithic, 
904-907;  tissue,  92 
Cup  fungi,  209 
Curculionidae,  487 

Curve,  distribution,  718;  probability,  719 

Cutaneous  artery,  frog,  600 

Cuticle,  Ascaris,  421;  earthworm,  427,  429; 

stem,  328 
Cutin,  334 

Cuvier,  Georges,  17,  841 
Cyanophyceae,  195,  196 
Cycad,  68,  283;  sperms,  292 
Cycadales,  292 

Cycle,  carbon,  191,  753;  chemical,  752;  life, 
Clonorchis,  409;  mineral,  754;  nitrogen, 
230,  753;  nuclear,  278-280;  water,  751 
Cyclops,  414,  717 
Cyclosis,  102;  Paramecium,  381 
Cyclostomata,  79,  513 
Cyme,  311 

Cymose  inflorescence,  211,  310 
Cynomys,  771 
Cypress,  283 
Cyrtonia,  73 

Cyst,  Euglena,  376;  hydatid,  414 
Cystic  ducts,  frog,  549,  550;  man,  553 
Cysticercus,  tapeworm,  411,  413 
Cytology,  11 

Cytoplasm,  28,  96;  Euglena,  375 
Cytosome,  96,  100;  division  of.  111;  Euglena, 
375 

Daddy  longlegs,  78,  442 
Darwin,  Charles,  437,  842,  843,  845,  854;  on 
classification,  845;  Origin  of  Species,  855, 
863;  theory  of  natural  selection,  863,  864 
Da  Vinci,  Leonardo,  17 
Dawn  Stone  Age,  899-900 
Deaminization,  166,  228,  569,  570 
Death,  201;  protozoa,  389;  rate,  24 
De Candolle,  847 
Dccarboxylization,  166,  570 
Decay,  232,  233 
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Deciduous  forest,  759,  806 
Decomposition,  of  amino  acids,  166;  of 
proteins,  228 

Deduction  from  an  hypothesis,  4 
Deer,  85,  523;  mouse,  762,  763;  V’irginia, 
765,  766 
Defecation,  419 
Deficiency,  737 
Degeneracy  in  parcisites,  417 
Degeneration,  58 
Dehiscence,  304 
Dehiscent  fruits,  316 
Deliquescent  stem,  296 
Demonic  theory  of  disease,  236 
Dendrite,  106,  618,  619 
Denitrifying  bacteria,  230 
Dent  corn,  357 
Dentine,  546 

Department  of  Agriculture,  22 
Depicndent  plants,  217 
Derivatives,  155 

Dermal  branchia,  starfish,  499,  498 
Dermaptera,  488 
Descending,  colon,  551,  552 
Descent  of  testis,  662 
Descriptive  sciences,  5 
Desert  zone,  806 
Desmids,  65,  201 
Destructive  insects,  489 
Development,  40,  673-696;  chick,  689;  eye, 
682;  frog,  677-689;  mammals,  692;  ncr\-- 
ous  system,  680;  rabbit  egg,  692,  693; 
sense  organs,  682,  683;  starfish,  675-677; 
tadpole,  679-689 
Devonian,  817,  819,  821 
De  Vries’s  mutation  theor>',  864 
Dextrin,  160 
Dextrose,  157 
Diabetes,  651 

Diabetogenic  hormone,  655,  657 
Diaphragm,  541 
Diaphragmatic  breathing,  578 
Diastase,  160,  563 
Diatom,  202,  801;  valves  of,  202 
Diatraea^  487 
Dichotomy,  204 
Dicots,  68 

Dicotyledon,  seed,  305,  314;  stem,  328-332 
Dicotyledoneae,  68,  69 
Diencephalon,  628;  frog,  629;  man,  631 
Diet,  556 

Differentiation,  40,  41,  89;  of  body,  399; 
cell,  41,  90;  of  gametophyte,  281;  of  root, 
321;  of  sporophyte,  281;  structural,  70 
Diffusion,  136,  137,  340;  in  leaf,  340;  rate  of, 
137 

Digestion,  160;  in  amoeba,  371;  earthworm, 
431;  general  account,  543;  Hydra^  36;  in 
plants,  346 


Digestive,  glands  of  crayfish,  449;  sy’stem, 
543;  system  of  bee,  466;  system  of  crayfish, 
449;  system,  development  of,  684;  system 
of  earthworm,  431;  system  of  frog,  547; 
system  of  man,  550-553;  tract,  enzymes 
of,  563;  tract,  passage  of  meal  through, 
564 

Digger  wasp,  475,  476,  477 
Digitalin,  364 
Digitalis,  364 

Dihydrogen  phosphate  ion,  139 
Dilute  solution,  136 
Dimerous  flowers,  311 

Dinosaur,  58,  517,  826;  footprint,  811; 

extinction,  830 
Dioecious,  312 

Diphtheria,  223,  239,  242,  246,  247,  248, 
485;  antitoxin,  246 
Diphylloboihrtum  latum,  413,  414 
Diploblastic,  399 
Diplococcus,  221,  222,  223 
Diploid,  279 
Diplopoda,  77 
Dipnoi,  515,  516,  820 
Diptera,  485,  488;  fossil,  824 
Direct  division,  107 
Disaccharidcs,  159 
Disadvantageous  mutations,  869 
Disc,  starfish,  497 
Discontinuous  phase,  174 
Disease,  566;  Addison’s,  652;  bacterial, 
236-246;  communicable,  242;  demonic 
theory  of,  236;  germ  theory  of,  237;  hook¬ 
worm,  424;  humoral  theory  of,  236; 
punitive  theory  of,  236;  spread  of,  241; 
transmission  of  infectious,  239 
Dispersal,  277;  center  of,  803,  853 
Disp)crsed,  phase,  172 
Dispersing,  phase,  173 
Dispersion,  system,  172;  colloidal,  172-174 
Dissection  of  the  human  body,  15 
Distal  convoluted  tubule,  kidney,  584,  585 
DistemjDer  of  dogs,  249 
Distribution,  cur\’e,  718;  of  food,  372; 
geographical,  802-806;  of  materials  in 
body,  565,  566 

Division,  of  amoeba,  373;  of  cell,  30,  107, 
111;  of  cytosome.  111;  direct,  107;  in¬ 
direct,  107;  of  labor,  40,  70;  of  nucleus, 
107;  of  Paramecium,  383 
Doctrine  of  signatures,  363 
Dog,  83,  520,  853;  classification  of,  63; 
chromosome  number,  708;  domestica¬ 
tion,  905;  prairie,  771,  772 
Dogfish,  514;  afiferent  branchial  artery,  595; 
auricle,  595,  598;  auriculoventricular 

aperture,  598;  cardinal  veins,  596; 

.  caudal  artery,  595;  caudal  vein,  595,  596; 
chromosome  number,  708;  coeliac  artery. 
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595;  conus  arteriosus,  595,  598;  course  of 
blood,  596;  dorsal  aorta,  595;  efferent 
branchial  artery,  595;  esophagus,  595; 
genital  arteries,  595,  596;  gill  arches,  595; 
gill  clefts,  514,  594,  595;  gills,  594;  gonad, 
595;  heart,  595,  597;  hepatic  portal  vein, 
595,  596;  hepatic  vein,  595;  kidney,  595; 
liver,  595;  mandibular  arch,  595;  mesen¬ 
teric  artery,  595;  pancreas,  595;  pharynx, 
594,  595;  precardinal  vein,  595,  596; 
postcardinal  vein,  595,  596;  rectum,  595; 
renal  arteries,  595,  596;  semilunar  valves, 
598;  sinuauricular  aperture,  598;  sinus 
venosus,  595,  596,  598;  spiracle,  595; 
spleen,  595;  stomach,  595;  valves,  598; 
ventral  aorta,  595;  ventricle,  595,  598 
Dogs,  408,  415 
Dolichocephalic  skull,  898 
Dolichoglossus,  510,  512;  collar,  510;  gill  slits, 
510;  mouth,  510;  proboscis,  510;  trunk, 
510 

Dolphin,  85,  524 

Domestic  dog,  classification  of,  62 
Domestication,  of  animals,  905;  as  evidence 
for  evolution,  853 
Dominance,  724 

Dominant,  character,  724;  species,  757 
Dordogne,  902 

Dorsal,  aorta  of  dogfish,  595;  aorta  of  frog, 
541,  599,  600;  aorta  of  mammal,  610; 
aorta  of  man,  607,  610;  aorta  of  tadpole, 
598;  fin  of  Amphioxus,  513;  funiculus  of 
spinal  cord,  622;  ganglion,  622;  ramus, 
622,  626;  root  of  spinal  nerve,  622;  septum 
of  spinal  cord,  622;  siphon  of  mussel,  501; 
502 

Dorso-luinbar  vein  of  frog,  602 
Double  bond,  154 
Douglas  fir,  361 
I  )oves,  82 

Downy  mildews,  209 

Dragonfly,  78,  485,  488,  783;  fossil,  823; 
nymjjli,  782,  783 

I ) river  ants,  481 

Drone,  bee,  469,  478,  480,  481 
I  )ro|)seed,  770 

J ) rnx()f)fiilfi,  712,  869;  white-eyed,  731—733; 
sre  (tl.w  I’lMiit  fly 

Dt  ugs,  363;  and  bactei  ia,  250 
Drupe,  316,  317 
1  )i y  fruit,  316 

Du(  k,  780;  mallard,  779,  780 
Du(  kbill,  82,  83,  518;  eggs,  518 
Du(  ks,  domesi i('at ion,  905 
I  )u(  kweed,  777 

DiK  iIess  gl.mds,  650  658;  location  of,  6jl, 
srr  also  I’aKkK  l  ines 
1  )ugout ,  9()f) 

I  tujai  (liu,  8  / 


Dunbaria,  823 

Duodenal  vein  of  frog,  602 
Duodeno-hepatic  ligament,  550 
Duodenum,  of  frog,  548,  550;  of  man,  551, 
552 

Dura  mater,  622 
Dutchman’s-breeches,  761 
Dutrochet,  88 

Dwarf,  lemur,  882;  tapeworm,  414 
Dyad,  chromosomes,  705 
Dysentery,  232,  239,  365,  374,  485 

Eagles,  82 

Ear,  646,  649,  683;  cochlea,  648;  of  corn, 
357;  Eustachian  tube,  646,  648;  external 
acoustic  meatus,  648;  fenestra  cochleae, 
648;  frog,  646;  human,  647;  incus,  648; 
malleus,  648;  man,  657;  pinna,  648; 
saceulus,  646;  semicircular  canal,  646; 
stapes,  648;  tympanic  cavity,  648;  tym¬ 
panic  membrane,  648;  tympanum,  646; 
utriculus,  646 
Eardrum,  648 
Early  man,  882,  908 
Earth’s  crust,  119,  120;  elements  in,  117 
Earthworm,  76,  388,  422-438;  action  of,  on 
soil,  437;  association  neuron,  435;  blood, 
432;  calciferous  glands,  431;  castings,  437; 
cerebral  ganglion,  428;  chlorogogen  cells, 
430,  432;  chromosome  number,  708;  cir¬ 
cular  muscle,  429,  430;  circulation,  433; 
clitellum,  427,  436;  cocoon,  427,  436,  437; 
coelom,  430;  copulation,  436,  437;  crop, 
428,  431;  cuticle,  427,  429;  digestion, 
431;  digestive  system,  431;  egg  sac,  428; 
enteron,  430;  epidermis,  429;  esophagus, 
431;  excretion,  432;  fertilization,  437; 
ganglia,  433;  gizzard,  428,  431;  hearts, 
428,  433;  intestine,  428,  431;  locomotion, 
431;  longitudinal  muscle,  430;  metameres, 
427;  metamerism,  435;  motor  nerve  fibers, 
434;  nephridium,  428,  432;  nephridiopore, 
430,  432;  nephrostome,  428,  432;  nerve 
cord,  428,  430;  nervous  system,  433; 
ovaries,  428,  435;  oviducts,  436;  peri¬ 
toneum,  430;  pharynx,  428,  431;  plasma, 
432;  prostomium,  428;  reactions,  46; 
reflex  arc,  435;  reproductive  organs,  435; 
seminal  groove,  436;  seminal  receptacles, 
428,  436;  seminal  vesicles,  428,  436;  sense 
organs,  435;  sensory  fibers,  434;  septa, 
429;  seta,  427,  430;  sperm  funnels,  428; 
suprapharyngeal  ganglia,  434;  testes,  428, 
436;  typhlosole,  430,  432;  vas  deferens, 
428,  436,  437 
Earwig,  78,  488 
Khcrthdla,  223,  243 
Eedysis,  crayfish,  453 
Echenis,  802 
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Echidna,  83,  518 
Echinococcus,  414 
Echinodcrinata,  74,  497-500 
Echinodcrms,  497-500 
Ecology,  1 1 

Economic  importance  of  plants,  353-365 
Ectoderm,  425;  frog,  678;  Hydra,  35;  star¬ 
fish,  499,  676;  systems  from,  680 
Ectoparasites,  416 

Ectoplasm,  amoeba,  369;  Paramecium,  380 

Ectoprocta,  496 

Edentata,  521 

Edible  fungi,  360 

Eelgrass,  777 

E^ls,  vinegar,  72 

Efferent,  branchial  arteries,  of  dogfish,  595; 

of  tadpiole,  598;  nerve  fibers,  625 
Efficiency  of  photosynthesis,  345 
Egestion,  amoeba,  372;  Hydra,  36 
Egg,  of  Amphibia,  516;  animal  pole,  676; 
of  Ascaris,  422;  cell  of  flowering  plant, 
300,  302;  cell  of  Hydra,  38;  cell  of  pine, 
288;  cells,  sizes  of,  675;  of  duck  bill, 
518;  of  fern,  268;  of  fluke,  407;  of  frog, 
659,  674;  of  hen,  689;  human,  674; 
mature,  702;  of  mussel,  502;  nest,  703; 
of  rotifer,  496;  sac  of  earthworm,  428; 
of  spiny  anteater,  518;  tubes,  702;  vegetal 
pole  of,  676;  yolk,  689;  zona  piellucida,  674 
Eggs  as  food,  555 
Egypt,  410,  905,  907 
Eimer,  Theodor,  865 
Eisenia,  438 

E]jaculatory  duct,  Ascaris,  422;  bee,  469;  man, 
663 

Elasmobranchii,  820 
Elder,  stem  of,  330 
Electrical  charges  on  surfaces,  171 
Electrolytes,  137,  139;  strong,  139;  weak,  139 
Electron  formula,  151;  shell,  126;  shells,  129 
Electrons,  126;  lone,  134;  sharing,  132,  147, 
150,  156 

Electrovalence,  134 

Electrovalent  compounds,  134,  135,  137 
Element,  1 15 

Elements,  in  earth’s  crust,  117;  inert,  130; 
in  organisms,  116;  in  protoplasm,  117, 
118;  symbols  of,  116 

Elephant,  85,  523;  proboscis,  524;  tusk,  524 
Elephantiasis,  424 
Elm,  317,  361 

Elodea,  101,  777;  cell,  92,  100;  leaf,  101 
Embroidery,  Neolithic,  906 
Embryo,  306;  of  flowering  plant,  303;  of 
frog,  680;  of  moss,  259;  of  pine,  291, 
292;  in  seed,  364;  of  seed  plant,  283;  of 
Selaginella,  274 

Embryology,  673-696;  as  evidence  for  evolu¬ 
tion,  852-853 


Embryonic,  blood  vessels  of  man,  695; 

region  of  root,  321;  region  of  stem,  327 
Embryos,  chick,  850;  fish,  850;  of  lower 
vertebrates,  850;  mammalian,  851;  man 
851;  salamander,  850;  tortoise,  850 
Emergence  of  land,  812 
Emu,  82 
Emulsion,  174 
Enaliosaur,  826,  827 
Enamel,  546 
Enchyiraeus,  438 
Encysted  larvae,  423 
Encystment,  liver  fluke,  408 
End  plates,  motor,  539 

Endamoeba,  coli,  374,  389;  gingivalis,  374; 

histoly  tica,  374,  389 
Endive,  359 
Endocarp  of  fruit,  317 
Endocrine,  650-658;  see  also  Ductless  glands 
Endfx-rine,  function  of  pancreas,  651 ;  glands, 
650;  glands,  interaction,  658;  secretions, 
654,  655 

Endocrincs,  650-658,  665;  location  of,  651 
Endoderm,  425;  frog,  678;  Hydra,  35;  star¬ 
fish,  676;  systems  from,  684 
Endodermis,  of  root,  326;  of  stem,  328 
Endolymph,  frog,  646 
Endomixis,  Paramecium,  385 
Endoparasites,  416 

Endoplasm,  of  amoeba,  369;  of  Paramecium, 
380 

Endopodite,  crayfish,  444,  445 
Endoskeleton,  vertebrate,  510 
Endosperm,  304;  of  flowering  plant,  302, 
303;  nucleus,  303;  of  pine,  291;  in  seed, 
304,  314 

Endostyle,  urochord,  512 
Endotoxin,  228,  238 

Energy,  29,  42,  120,  123,  146,  148,  344,  346, 
556,  569-571;  in  carbohydrates,  160; 
changes  in  body,  570-573;  in  chemical 
reactions,  146;  conservation  of,  125;  in 
fats,  162;  forms  of,  124;  kinetic,  123;  of 
motion,  123;  from  oxidation,  231;  poten¬ 
tial,  123,  124;  potential,  chemical,  147; 
relations,  of  animals,  64;  relations,  of 
plants,  64;  from  sun,  755;  transformation 
of,  124,  125 

Entamoeba,  373;  see  also  Endamoeba 
Enteric  nervous  system,  638 
Enteron,  Aurelia,  396;  earthworm,  430;  frog, 
678;  starfish,  676 
Entomology,  11 
Entomophthorales,  209 
Entoprocta,  496 

Environment,  744,  745;  adaptation  to,  52; 
chemical,  750;  inorganic,  750;  internal, 
615;  organic,  756;  plant  and  its,  347-349; 
response  to,  42 
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Enzyme,  185,  186,  207,  213,  227;  of  digestive 
tract,  563;  features  of,  185;  salivary,  561, 
562 

Eoanthropus  dawsoni^  895 
Eocene,  816,  831 
Eohippus,  856,  857,  858,  879 
Eolith,  899,  900 
Eolithic  culture,  892,  899,  900 
Epibranchial  chamber,  mussel,  501 
Epicotyl,  306;  of  pine,  291 
Epicurus,  839 

Epidermis,  91;  earthworm,  429;  frog,  575; 
Hydra^  35,  37;  of  leaf,  341;  of  root,  320,  322, 
323,  339;  of  stem,  328,  329,  330 
Epididymis,  man,  661,  662 
Epigastric  artery  of  frog,  600 
Epiglottis,  546,  547;  man,  545 
Epigynous,  313 
Epinephrine,  654 
Epiphysis,  frog,  629 
Epipodite,  crayfish,  444 
Epithelial  cells,  104 
Epithelium,  columnar,  104 
Epoch,  geological,  830 
Equal  cleavage,  691 
Eiquatorial  plate,  108,  110 
Equilibrium,  organ  of,  647 
Eiquisetineae,  271,  272 

Equisetuniy  271;  gametophytcs,  271;  sporo- 
phylls,  271;  tuberous  bodies,  271 
Equus,  523,  856-859,  879 
Era,  815 
Erect,  stem,  296 
Ercpsin,  563 
Ergosterol,  558,  560 
Ergot,  21 1 ,  363 
Ermine,  520 
Erythrocytes,  588,  589 
Esc  her  ic  hi,  223 
Eskimo,  556,  906 
Esophageal  artery,  frog,  600 
Esophagus,  bee,  465,  466;  Bryozoa,  496; 
crayfish,  445;  dogfish,  595;  earthworm, 
431 ;  frog,  544,  547,  548;  grasshopper,  459; 
man,  545,  551,  577;  mussel,  501 
Ess<*ntial  floral  parts,  300 
Estrogenic  hormone,  665 
Estrone,  665 
Ethane, 152 
Ethcne,  154 

I'hhiopian,  realm,  603,  C04,  806 
Ethyl  alcohol,  156 
I'ithynr,  154 
I'iiibai  terialrs,  222 

ICuf>lrtin,  374;  chlorojilast,  375,  376;  con- 
tra(  tile  vacuole,  375;  <  ys(,  376;  cytoplasm, 
375;  cyiosfoiue,  375;  <‘ye  s|K)t,  375,  376; 
llagclliim,  375;  gullet,  375;  longitudinal 
division,  376;  ma  leu«,  375;  ix,-llicle,  375; 


photosynthesis,  376;  pyrenoid,  375;  reser¬ 
voir,  375,  376;  vacuole,  375 
Euglenoid  movement,  375 
Eumeces,  764 
Euproctis,  487 

Europe,  410,  411,  414,  485,  487 
Eur\q>terid,  442,  820 
Eurypteris,  822 

Eustachian  tube,  ear,  646,  648;  frog,  544, 
548;  man,  533 

Eutheria,  83,  518,  519;  orders  of,  519-524 
Evergreen  forest,  758 

Evolution,  55-59,  426,  491-493,  835,  880; 
of  animals,  57,  64;  at  beginning  of  nine¬ 
teenth  century,  841 ;  classification  as  evi¬ 
dence  "for,  845—847 ;  cultivation  as  evidence 
for,  853;  domestication  as  evidence  for, 
853;  in  eighteenth  century,  840;  embry¬ 
ology  as  evidence  for,  852-853;  evidence 
from  comparative  physiology,  849;  evi¬ 
dences  for,  845—860;  experimental  breed¬ 
ing  as  evidence  for,  853;  geographical 
distribution  as  evidence  for,  853;  Greek 
theories  of,  838;  history  of  theory,  838-844; 
of  horse,  857-860;  of  horse  teeth,  858,  859; 
inorganic,  838;  Lamarck’s  theory  of,  861; 
of  man,  907-908;  meaning  of  term,  838, 
839;  mechanism  of,  861,  880;  organic,  11, 
838;  paleontology  as  evidence  of,  856; 
parallel,  308;  of  plants,  56;  Roman  theo¬ 
ries  of,  838;  of  seed  plants,  66;  in  seven¬ 
teenth  century,  840;  of  sex,  200;  of  social 
life,  908;  of  the  Sporophyte,  308,  309;  of 
telencephalon,  637 
Exconjugants,  Paramecium,  383 
Excretion,  amoeba,  372;  Ascaris,  422;  earth¬ 
worm,  432;  frog,  581;  grasshopper,  460; 
Hydra,  36,  37;  man,  583;  of  urine,  585 
Excretory,  canal  of  mussel,  502;  canal  of 
tapeworm,  412;  pore  of  liver  fluke,  406; 
pore  of  mussel,  502;  system  of  crayfish, 
450;  system  of  frog,  581,  582;  system  of 
man,  583;  system  of  Planaria,  404;  system 
of  tapeworm,  412;  tube  of  Ascaris,  422; 
tube  of  Clonorchis,  409;  tube  of  kidney,  585 
Excurrent,  canal,  494;  pore,  494;  stem,  284, 
296 

Exhalent  siphon  of  mussel,  500 
Existence,  struggle  for,  863,  864 
Exocarp  of  fruit,  317 
Exophthalmic  goiter,  656 
Exopodite,  crayfish,  443-445 
Exoskcleton,  493,  arthropod,  442;  grass¬ 
hopper,  454 
Exotoxin,  228,  238 

Experimental  breeding  as  evidence  for 
evolution,  853 

Experimental  method,  4,  8,  9;  example  of, 
8,  9;  sciences,  5 
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Expiration,  579 
Expired  air  composition,  581 
Extensor  muscle,  538;  of  crayfish,  448;  of 
grasshopper,  457,  459 

External,  acoustic  meatus  of  car,  648;  gills  of 
frog,  685,  681;  iliac  artery  of  frog,  601; 
iliac  artery  of  man,  607;  jugular  vein  of 
frog,  602;  jugular  vein  of  man,  609; 
respiration,  577 

Extracellular  digestion.  Hydra,  36 
Extraembryonic  membranes,  691,  693 
Exumbrclla,  medusa,  394 
Eye,  641-645;  anterior  chamber  of,  642; 
association  neurons  in  retina  of,  643;  of 
bee,  462;  blind  spot,  642;  brush  of  bee, 
463,  464;  compared  to  camera,  644; 
cones,  643;  conjunctiva,  642;  coordina¬ 
tion,  643;  cornea,  642;  of  crayfish,  445, 
451;  development,  682;  fovea,  642;  of 
frog,  526,  641;  of  grasshopper,  456,  461; 
human,  641;  iris,  642;  lens,  642;  muscles, 
642,  643;  nervous  layer,  643;  path  of  light 
in,  644;  posterior  chamber,  642;  rods, 
643;  sclerotic  coat,  642;  urochord,  512; 
visual  layer,  643;  vitreous  humor,  642 
Eyeball,  643 
Eyelash,  641 
Eyelid,  641 

Eyespot,  Euglena,  375,  376;  Ulothrix,  197 
Fabricius,  18 

Facial  nerve,  633;  man,  625 

Factor,  multiple,  729 

Fallopian  tube  of  man,  663,  664,  695 

False  vocal  cords,  frog,  577;  man,  577 

Family,  62 

Far  East,  408,  410 

Farsightedness,  644 

Fasciola  hepatica,  406;  see  also  Liver  fluke 
Fat,  590;  body  of  frog,  548,  660;  cells,  568; 

metabolism,  568,  569,  657 
Fats,  161,  162,  188,  189,  346,  555,  557,  563, 
565,  566,  571;  energy  in,  162 
Fatty  acid,  161,  162,  181,  182,  188,  563,  565, 
568 

Fayum,  887 
Feathers,  517 
Feces,  419,  564 
Feeble-mindedness,  745 
Feeding,  starfish,  499 

Female,  gamete  of  Spirogyra,  31;  gameto- 
phyte  of  flowering  plant,  300,  302;  game- 
tophyte  of  pine,  287 ;  gametophyte  in 
seed,  304;  hormone,  665;  reproductive 
organs,  663 

Femoral,  artery  of  frog,  600;  vein  of  frog,  602 
Femur,  bee,  463;  grasshopper,  454,  456, 
457;  man,  535 
Fenestra  cochleae,  ear,  648 


Fermentation,  21 1 ,  227,  237 ;  alcoholic,  235 
Fern,  annulus,  265;  antheridia,  268;  an- 
therozoid,  268,  269;  archegonium,  268, 
269;  canal  cells,  268;  capsule,  265;  chro¬ 
mosome  number,  708;  egg,  268;  fertiliza¬ 
tion,  268;  frond,  264,  265;  gametophyte, 

266,  267;  life  cycle,  271;  lip  cells,  265; 
pinnae,  265;  prothallium,  267;  rhizoids, 

267,  268;  rhizome,  264,  265,  270;  sori,  265; 
sporangium,  265-267;  sporophyll,  267; 
sporophyte,  267,  269,  270;  tree,  264,  822; 
zygote,  269 

Ferns,  67,  264,  270 
Fern  wort,  779 
Ferret,  520 

Fertilization,  277,  278,  280,  711;  bee,  471, 
481;  cross,  277;  earthworm,  437;  fern, 
268;  flowering  plant,  302;  frog,  660;  man, 
666;  membrane,  711;  moss,  257;  pine, 
288,  290;  Selaginella,  273;  Spirogyra,  31 
Fiber,  778;  muscle,  538,  539;  spindle,  110 
Fibrillar,  organoids,  100;  theory  of  proto¬ 
plasm,  184 
Fibrils,  muscle,  539 
Fibrin,  591 
Fibrinogen,  591 
Fibroblasts,  92 
Fibula,  man,  535 
Filament,  stamen,  297,  298,  302 
Filaria  worm,  424,  485 
Filariasis,  485 
Filicincae,  264 
Film,  monomolecular,  182 
Filterable  virus,  243,  248-250 
Filum  terminale,  man,  625 
Fin  rays,  Amphioxus,  513 
Final  host  of  parasite,  417 
Fir,  283;  Douglas,  361 
Fire,  early  use  of,  894 

Fish,  414,  514,  798;  embryos,  850;  fossil,  821, 
831;  gills,  503;  lobed-finned,  515;  ray- 
finned,  515;  scales,  514;  tapeworm,  413; 
traps,  23 
Fisheries,  23 

Fishes,  bony,  80,  514;  food,  23 
Fission,  221 

Fittest,  survival  of  the,  863,  864 
Fixation  of  protoplasm,  94 
Flagellum,  70,  98,  100,  103,  197;  of  bacteria, 
221,  375;  Euglena,  315 
Flame  cell,  Planaria,  405 
Flatfish,  800 
Flatworms,  72,  403 
Flax,  236,  362;  retting  of,  362 
Flea,  78,  486,  488;  beach,  792;  rat,  487; 

water,  782 
Fleshy  fruit,  315 

Flexor  muscle,  538;  crayfish,  449;  grasshop¬ 
per,  457,  459 
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Flexures  of  brain,  630 
Flicker,  767 
Flies,  48,  78,  477 
Flight,  bee,  465 
Flint,  903 

Floating  ribs,  man,  532 
Floral,  diagram,  311;  leaves,  296;  parts, 
^  accessory,  300;  parts,  essential,  300 
Flounder,  800 
Flour,  356 

Flower,  68,  296-300,  311-314;  abortion  in, 
312;  anther,  297,  302;  calyx,  297;  carpel, 
297,  299;  corolla,  297;  dimerous,  311; 

filament,  297;  funiculus,  302;  hexamerous, 
311;  imperfect,  312;  irregular,  311;  mo- 
nomerous,  311;  ovary,  299;  302;  ovule, 
302;  pentamerous,  311;  perianth,  297; 

petal,  297,  298,  302;  pistil,  300,  302; 
placenta,  299;  receptacle,  297;  regular, 
311;  sepal,  297;  stamen,  297,  298,  302; 
stigma,  298,  299,  302;  style,  298,  299, 
302;  suppression  in,  312;  symmetry  of, 

311;  tetramerous,  311;  trimerous,  311; 

unisexual,  312 

Flowering  plant,  antipodal  cells,  302;  egg 
cell,  300,  302;  embryo,  303;  endosperm, 
303;  endosperm  cell,  302;  female  gameto- 
phyte,  300,  302;  fertilization,  302;  life 
cycle,  281,  294-318,  699;  male  gameto- 
phyte,  301,  302;  pollination,  302;  seed, 
303;  sperm  nucleus,  302;  suspensor,  303; 
synergid,  302 

Flowering  plants,  68,  294-318;  aquatic,  777, 
779 

Fluid,  coelomic,  429,  540;  synovial,  537 
Fluke,  anatomy,  410,  407,  408;  blood,  410; 
cercariae,  407,  408;  ciliated  larvae,  407; 
eggs,  407;  encystment,  408;  liver,  see 
Liver  fluke;  liver,  of  sheep,  406;  parthe¬ 
nogenesis,  408;  rcdiac,  407;  sporocyst,  407; 
see  also  Clonorchis,  Fasciola 
Flukes,  73;  lung,  410 
Fluorine,  557 

Fly,  485,  762;  caddis,  488;  fossil,  824; 
Hessian,  487;  lacewing,  488;  scorpion, 
488;  stable,  488 

Flying,  vertebrates,  44;  reptile,  827 
Foetus,  human,  668 
I'oliagc  leaves,  296 

Follicle,  ovarian,  666,  702;  see  also  Graafian 
follicle 

Folliculin,  665 
Folsom  points,  906 
lumtana,  87 

Food,  chain,  757,  769,  784;  distribution  of, 
372;  from  fungi,  360;  of  grasshopper,  456: 
manufacture  of,  343—346;  materials,  trans- 
[)ort  Of,  5'H);  plants,  used  for,  354-361; 
preservation  of,  234,  235;  relations  of 


animals,  64;  relations  in  forest  community, 
769;  relations  in  fresh  water  pond,  784; 
relations  of  plants,  64;  reserve,  346;  from 
roots,  360;  storage  of,  295;  substances,  99, 
555,  556;  substances,  accessory,  556; 

vacuole  of  amoeba,  370;  vacuole  of  Para¬ 
mecium^  380,  381 
Foods,  556;  composition,  555 
Foot,  of  Hydra,  32;  of  mussel,  500,  502;  of 
frog,  526 

Foot-and-mouth  disease,  249 
Footprint  of  dinosaur,  811 
Foramen,  magnum,  530;  of  Monro  of  frog, 
629;  of  Monro  of  man,  630,  631 
Foraminifera,  374 
Force,  vital,  42 
Fore  brain,  628;  frog,  681 
Fore-gut  of  tadpole,  680 
Forest,  758;  coniferous,  758;  deciduous,  759; 
evergreen,  758;  food  chain,  769;  life  in  a, 
759 

Forewing,  of  bee,  463;  of  grasshopper,  456 

Formaldehyde,  187 

Formation  of  spore,  279 

Formic  acid,  479 

Formica,  483 

Formosa,  410 

Forms  of  energy,  124 

Formula,  bond,  151;  electron,  151;  molecu¬ 
lar,  131,  150,  151;  structural,  152 
Fossil,  algae,  820;  birds,  828,  829;  bony 
fish,  825;  carbonization,  810;  cast,  810; 
chance  of  occurring,  811;  definition  of, 
809;  fish,  820;  footprint,  811;  how  formed, 
809,  810;  mammoth,  809;  man,  888,  890- 
898;  men  of  Early  Pleistocene,  893-895; 
men  of  Late  Pleistocene,  895,  896;  men 
of  Middle  Pleistocene,  893,  895,  896;  men 
of  Recent  epoch,  896;  mold,  810;  mol- 
lusks,  820;  primates,  887;  record,  815; 
trail,  811 

Fossilization,  conditions  favoring,  811 
Fourth,  glacial  stage,  902;  ventricle  of  frog, 
629,  630;  ventricle  of  man,  545 
Fovea  centralis,  642-644 
Fowls,  82 
Fox,  520;  red,  768 
Foxglove,  364 

Free  assortment,  730;  cross  involving,  726- 
729 

Fresh  water,  conditions  in,  775,  776;  life  in, 
775-784;  medusae,  783;  pond,  food  chain 
in,  784 

Frog,  600,  601,  602,  603,  774;  adaptation, 
527;  adrenal  bodies,  548,  582,  660; 

arterial  system,  598,  600,  601;  auditory 
capsule,  529,  530;  bile  duct,  549,  550; 
blood,  588;  brain,  628-630,  690;  breath¬ 
ing,  575-577;  breeding  season,  660;  Ccirotid. 
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gland,  600;  clasping  instinct,  660;  clavicle, 
533;  cleavage,  677-679;  cloaca,  548,  582, 
660;  coelom,  541,  680;  conus  arteriosus, 
605;  coracoid,  533;  cranial  nerves,  624, 
632,  633;  cranium,  529,  530;  crystic  ducts, 
549,  550;  development,  677-689;  digestive 
system,  547-550;  duodenum,  548,  550; 
ear,  646,  647;  egg,  659,  674;  embryo,  680; 
epiphysis,  629;  esophagus,  544,  547,  548; 
Eustachian  tube,  544,  548;  excretion, 

581;  excretory  system,  581-583;  external 
features,  526;  eye,  526;  641;  fat  body, 
548,  660;  foot,  526;  foramen  magnum, 
530;  gall  bladder,  549,  550;  gastrula 
stage,  678;  gastrulation,  677-679;  glottis, 
544,  548,  575,  576;  heart,  548,  603-<i06, 
681;  heart  action,  605;  hepatic  duct,  549, 
550;  hypophysis,  629;  ileum,  534,  541, 
548;  infundibulum,  629;  intestine,  541, 
548,  549;  kidney,  541,  548,  581,  582,  660; 
larynx,  575;  leopard,  781;  liver,  548,  549, 
550;  lung,  548,  575,  576;  lymph  space, 
541;  mesentery,  541,  548;  mesonephric 
ducts,  660;  metamorphosis,  687-689; 
mouth,  575;  mouth  cavity,  544;  myomere, 
680;  nares,  544;  nasal  capsule,  529,  540; 
nephrostomes,  582;  nervous  system,  624, 
628-630;  nostrils,  526,  529;  oocyte,  701; 
oogonium,  701;  orbit,  529,  530;  ovarian 
follicle,  701 ;  ovary,  659,  660,  701 ;  oviduct, 
659,  660;  pancreas,  548,  550;  pancreatic 
duct,  550;  pectoral  girdle,  533;  pelvic 
girdle,  534;  pericardial  cavity,  603,  681; 
pharynx,  544,  548;  pineal  body,  681; 
pituitary  body,  629,  682;  pulmonary  cir¬ 
culation,  605;  pyloric  constriction,  547; 
pylorus,  550;  rectum,  548,  582;  repro¬ 
ductive  organs,  659-661;  respiration,  575, 
576;  respiratory  organs,  575-577;  sinus 
venosus,  599,  602,  604;  skeleton,  528-536; 
skin,  541,  680;  skull,  529,  530;  sperma¬ 
tozoa,  674;  spinal  cord,  680;  spinal  nerves, 
624;  spleen,  548;  stomach,  547,  548,  550; 
systemic  arterial  system,  599-601;  sys¬ 
temic  circulation,  605;  tadpole,  598,  681, 
685;  testis,  541,  548,  659,  660;  tongue, 
544,  548,  575;  trachea,  548;  transverse 
section,  541 ;  true  vocal  cords,  577 ;  truncus 
arteriosus,  600;  tympanum,  527;  upper 
jaw,  530;  ureter,  548,  581,  582,  660; 
urinary  bladder,  548,  581,  582;  uterus, 
659;  venous  system,  601-603;  vertebral 
column,  531;  vestigial  oviduct,  582,  660; 
vocal  cords,  576,  577;  vocal  sac,  544; 
voice  box,  575;  yolk  plug,  678 

Frogs,  80 

Frond,  fern,  264,  265 

Frontal,  lobe,  of  man,  625;  sinus,  545,  547 

Fructose,  159 


Fruit,  304,  555;  accessory,  315;  aggregate, 
315;  classification  of,  318;  dehiscent,  316; 
dry,  316;  endocarp,  317;  exocarp,  317; 
fleshy,  315;  fly,  712,  735;  see  also  Dro¬ 
sophila;  fly,  chromosome  number,  708; 
indehiscent,  317;  mesocarp  of,  317;  mul¬ 
tiple,  315;  pericarp  of,  317;  simple,  315 
FuciiSy  66,  277,  785,  788;  antheridium  of, 
205;  apical  cell,  204;  conceptacies,  205; 
cortex,  204;  oogonium  of,  205;  ostioles,  205 
Fuels,  363 

Funaria^  256-262,  309;  sexual  organs,  258; 
see  also  Moss 

Function,  of  blood,  590,  591;  kidney,  585; 
of  leaves,  319;  of  skull,  531;  of  vertebral 
column,  532,  533 
Functional  groups,  155 
Functions  of  nucleus,  99 
FunJulus,  717,  798 

Fungi,  65,  66,  206-216,  761;  cup,  209; 
edible,  360;  gill,  216;  parasitism,  217; 
saprophytism,  217 
Fungus  diseases  of  plants,  361 
I'ungus-growing  ants,  482 
Funiculus,  298,  299,  302,  305 

GaduSj  515 
Galactose,  158 
Galapagos  Islands,  854,  855 
Galen,  15,  17 

Gall  bladder,  of  frog,  549,  550;  of  man,  551, 
553 

Gametes,  contribution  to  zygote,  712;  of 
llydra,  38;  of  Rhizopus,  208;  of  Spirogyra^ 
31;  of  Ulothrix,  197 
Gametocytes  of  Plasmodium^  386 
Gametophore  of  moss,  261 
Gametophyte,  66,  67,  277,  308;  in  alterna¬ 
tion  of  generations,  281,  of  Equisetum,  271, 
of  fern,  266,  267;  of  flowering  plant,  300- 
302;  of  Marchantia,  253-255;  of  moss,  256, 
257;  nuclei,  278;  of  pine,  287-289;  of 
Selaginella,  21  "h 

Ganglia,  arthropod,  475;  bee,  467-469; 
earthworm,  433;  grasshopper,  460,  461; 
mussel,  501 
Garden  pea,  735 
Gas,  126;  gangrene,  239,  250 
Gcistral  cavity  of  sp>onge,  493 
Gastric  artery,  601;  caeca  of  grasshopper, 
459;  filament  of  Aurelia,  396;  juice,  557, 
562;  mill  of  crayfish,  445,  449;  pxjuches  of 
Aurelia,  396;  vein  of  frog,  602 
Gastrocnemius  muscle,  537,  538 
Gastrodermis  of  Hydra,  35,  37 
Gastromycetes,  216 
Gastropoda,  74,  75;  fossil,  825 
Gastrovascular  cavity,  of  Hydra,  33;  of 
Planaria,  404 
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Gastrula,  399;  of  frog,  678;  of  starfish,  676 
Gastrulation,  of  frog,  677-679 
Geese,  82;  domestication  of,  905 
Gels,  175,  176 

Gene,  709,  710;  frequency  in  a  population, 
878 

Gene-mutation,  738 
Genera,  60 

Generations,  alternation  of,  206,  270,  277- 
282,  698 

Generative,  cell,  301;  cell  of  pine,  288,  289; 
nucleus  of  pine,  290 

Genes,  location  of,  731;  in  a  population,  872 
Genetics,  11\  see  also  Heredity 
Genital,  arteries  cf  dogfish,  595,  596;  duct 
of  mussel,  501;  gland  of  mussel,  502; 
opening  of  liver  fluke,  406;  pore  of 
Planar ia,  404 
Genotype,  724,  728 
Genus,  62 

Geographic,  isolation,  854;  range,  802 
Geographical,  distribution,  802-806;  dis¬ 
tribution  as  evidence  for  evolution,  853; 
realms,  803-805 

Geological,  history  of  man,  888-907;  record, 
809,  834;  record,  biological  features  of, 
834;  record,  order  of  groups  in,  834;  time¬ 
table,  814 
Geotropism,  347 
Geranium,  69,  761;  family,  68 
Germ,  cell  cycle,  704,  699-714;  cells,  388, 
389,  698;  layers  of  starfish,  676;  plasm, 
735;  plcism,  continuity  of,  865;  theory  of 
disease,  237 

German  measles,  249,  242 
Germany,  423 

Germinal,  epithelium,  702;  epithelium  of 
ovary,  703;  selection,  theory  of,  865; 
vesicle,  674 

Germination,  32;  cf  seed,  305,  306 
Giant  deer,  902 
Gibl>on,  883,  884 
Gigantism,  657 
Giliani,  Allesandra,  16 

Gill,  arch,  685;  arches  of  dogfish,  595; 
charnlK-r  of  crayfish,  450;  cleft,  684;  clefts 
of  Amphioxxis,  513;  clefts  of  dogfish,  514, 
594,  595;  clefts  of  tadpole,  598;  fungi,  216; 
mussel,  501,  502;  pouch,  684;  slits  of 
Arnp/iioxus,  513;  slits  of  Chordata,  501, 
511;  slits  of  I)olichoj;lnssnSy  510 
CJillplate  of  mussel,  501 

Gills,  crayfish,  450;  dogfish,  594;  fish,  503; 
mushroom,  215;  Osteichthyes,  514;  rep¬ 
tile  embryo,  517;  urochord,  512;  vcrtc- 
Ixate,  509 
( iiii,  cotton,  362 
( iinkgo,  68 
( Jii  afle,  85,  523 


Girdle,  pectoral,  533;  pelvic,  534 
Gizzard,  earthworm,  428,  431;  grasshopper, 
459 

Glacial  stage,  833,  888,  890 
Gland,  adrenal,  652,  653;  cell  of  Hydra,  35; 
ductless,  650;  endocrine,  650;  lacrimal, 
642;  parathyroid,  656;  salivary,  563; 
suprarenal,  652;  tear,  641,  642;  thymus, 
657;  thyroid,  653,  656 
Glenoid  cavity,  frog,  533;  man,  533 
Globulins,  168 

Glochidium  of  mussel,  502,  503 
Gloeocapsa,  196 
Glomerulus  of  frog,  582 
Glossopharyngeal  nerve,  633;  man,  625 
Glottis,  frog,  544,  548,  575,  576;  man,  545 
Glucose,  157-159,  187,  213,  358,  563,  565, 
586,  590 

Glumes,  of  corn,  357;  of  wheat,  355 
Glycera,  797 

Glycerin,  161,  563,  565 
Glycerol,  161,  568,  569 
Glycine,  156,  163;  ion,  164 
Glycogen,  160,  566,  567 
Glycoproteins,  168 
Glycyl-glycine,  167 
Goat,  523;  domestication,  905 
Goatsuckers,  82 
Goblet  cells,  frog,  549 
Goiter,  653 
Goldenrod,  771 
Golgi  network,  95,  97,  100 
Gonad,  Amphioxus,  513;  Aurelia,  396;  dogfish, 
595;  mussel,  502;  sea  anemone,  398 
Gonadotropic  hormone,  654,  657 
Gonad-stimulating  hormone,  665 
Gonionemus,  394,  395,  397 
Gonococcus,  223,  242 
Gonorrhea,  242 
Gonothecae  of  Obelia,  393 
Gooseberry,  315 
Gorgonzola  cheese,  211 

Gorilla,  884,  886;  precipitins,  852;  skeleton, 
896 

Graafian  follicle,  666;  man,  663 
Grain,  317,  356;  cereal,  355 
Graminales,  229 
Grand  Canyon,  813 
Grantia,  493-495;  see  also  Sponge 
Granular  theory  of  protoplasm,  184 
Granules,  secretory,  98 
Grape,  316 

Grass,  321,  770;  buffalo,  770;  family,  69; 

fossil,  831;  grama,  770;  wheat,  770 
Grasses,  297 

Grasshoijpcr,  77,  454-461 ;  abdomen,  455, 
456,  457;  air  sacs,  459;  antenna,  454,  455, 
456;  auditory  organ,  454;  chitin,  454; 
circulatory  system,  460;  claws,  457;  com- 
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pound  eye,  454,  455,  460;  coxa,  454,  457; 
esophagus,  459;  excretion,  460;  exoskele¬ 
ton,  454;  extensor  muscle,  457,  459;  eye, 
456,  461;  femur,  454,  456,  457;  flexor 
muscle,  457,  459;  food,  456;  forewing, 
456;  fossil,  824;  ganglia,  460,  461;  gastric 
caeca,  459;  gizzard,  459;  head,  454,  455; 
hemocoel,  459;  hypopharynx,  456;  imago, 
454;  internal  structure,  457;  intestine,  459; 
labium,  456;  labrum,  454,  455,  456;  leg, 
456;  Malpighian  tubules,  459,  460;  man¬ 
dible,  455;  maxilla,  455,  456;  mesothorax, 
454,  456,  457;  metamorphosis,  454; 

metathorax,  454,  456,  457;  nervous  sys¬ 
tem,  460,  461;  nymph,  454,  461;  ocelli, 
454,  455,  460;  ovarian  tubes,  461;  ovaries, 
461;  oviduct,  461;  ovipositor,  456,  457; 
penis,  461;  prothorax,  454,  456,  457; 
proventriculus,  459;  pulvillus,  457;  rectum, 
459;  respiratory  movements,  460;  respira¬ 
tory  system,  459;  salivary  glands,  459; 
seminal  receptacle,  461;  sense  organs,  460; 
spiracle,  454,  459;  sternum,  454,  455; 
stomach,  459;  tarsus,  456,  457;  tergum, 
454,  455;  testis,  461;  thorax,  455,  457; 
tibia,  456,  457;  trachea,  459;  trochanter, 
454,  456,  457;  vagina,  461;  vas  deferens, 
461;  ventriculus,  459;  wing,  457 
Grasshoppers,  78,  477 
Grassland,  769-775;  zone,  806 
Gray,  matter  of  spinal  cord,  622;  squirrel, 
763 

Grazing,  adaptation,  774;  mammals,  774 
Great,  dying,  830;  omentum,  553;  Plague, 
24 

Greater,  circulation,  18;  curvature  of  stom¬ 
ach,  551 
Grebes,  82 

Green,  algae,  197-203;  molds,  210 
Gregarina,  388 

Ground,  meristem,  329,  330;  pine,  272; 
squirrel,  771,  772 

Group,  amino,  155;  carboxyl,  155;  hydroxyl, 
155;  of  rocks,  815 

Growth,  40,  41,  557,  566;  by  accretion,  41; 
of  a  cell,  40;  and  differentiation,  40,  41; 
hormones  of  plants,  349;  by  intussuscep¬ 
tion,  41;  substances,  349 
Growth-stimulating  hormone,  665 
Guard  cells  of  leaf,  334 
Guinea  pig,  735;  dihybrid  cross,  726;  in¬ 
heritance,  726,  727 

Gullet,  Aurelia,  396;  Eglena,  375;  Paramecium, 
380;  sea  anemone,  397,  398 
Gulls,  82 
Gum,  546 
Guncotton,  362 
Gustatory  center,  636 
Gymnosperm,  820;  fossil,  824 


Gymnospermae,  see  Gymnosperms 
Gymnosperms,  67,  68,  283-292,  361 
Gynoecium,  312 
Gypsy  moth,  487 

Hair,  mammal,  518;  root,  321,  323,  320 
Halibut,  800 

Hand  axe,  Acheulean,  901;  Chellean,  901 

Hapalidae,  883,  886 

Haploid,  279,  736 

Hardwood,  361 

Hardy’s  Law,  875 

Hare,  523 

Harvesting,  ants,  481;  wheat,  356 
Harvey,  William,  7,  18 
Haustoria,  209 

Hawk,  82,  767;  chicken,  767;  Cooper’s,  767; 

marsh,  780 
Hawthorn,  310 

Head,  310;  arthropod,  441;  grasshopper, 
454,  455;  section  of  human,  545;  of  sperma¬ 
tozoon,  673 
Headlouse,  485 
Health,  public,  24 

Heart,  14,  15,  18,  41,  414,  557;  action  of 
frog,  605;  beat,  612;  Brachiopoda,  497; 
crayfish,  449;  development,  687;  dogfish, 
595,  597;  earthworm,  428,  433;  embryo, 
92;  frog,  548,  603-606,  681;  human,  610- 
613;  human,  action  of,  610;  mammal, 
action  of,  610;  mussel,  501;  semilunar 
valve,  61 1 ;  tricuspid  valve,  61 1 ;  urochord, 
512;  ventricles,  610,  611;  vertebrate,  510 
Heat,  124 
Hedgehog,  519 

Height,  school  children,  744;  variation  in, 
717,  718 

Helium,  128,  130 
Hematin,  344 

Hemichorda,  anatomy,  512 
Hemimetabolic,  77 
Hemiptera,  488;  fossil,  824 
Hemlock,  67,  68,  283 

Hemocoel,  bee,  464;  crayfish,  450;  grass¬ 
hopper,  459 
Hemocyanin,  165 

Hemoglobin,  165,  344,  433,  509,  510,  557, 
588,  590 

Hemophilus,  223,  243 
Hemp,  236,  362 

Hen,  chromosome  number,  708;  egg,  689, 
691 

Henle’s  loop,  kidney,  584 
Hepatic,  duct  of  frog,  549,  550;  duct  of  man, 
553,  portal  system,  569;  portal  vein  of  dog¬ 
fish,  595,  596;  portal  vein  of  frog,  602; 
portal  vein  of  man,  609;  vein  of  dogfish, 
595;  vein  of  frog,  602;  vein  of  man,  609; 
vein  of  tadpole,  598 
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Hepatica,  761 
Herbaceous  plant,  336 
Herbs,  295;  perennial,  290 
Heredity,  715-746;  in  agriculture,  739;  hu¬ 
man,  741-745;  and  society,  743-745;  of 
wheat,  740 

Hermaphroditism,  406,  412,  435-437 
Hermit  crab,  790 

Heron,  green,  779,  780;  night,  780 
Herophilus,  15,  17 
Herring,  800 
Hessian  fly,  487 
Heterogametes,  200 
Heteroploidy,  736 
Heterospory,  284;  Selaginella,  272 
Heterozygous,  723 
Hevea^  361 

Hexamerous  flowers,  311 
Hibernation,  516,  517,  570,  571 
Higher  bacteria,  223 
Hilum  of  seed,  305 
Hilus  of  kidney,  584 

Hind,  brain,  628;  brain  of  frog,  681;  limb, 
homology  of,  848;  wings  of  bee,  463 
Hindus,  414 
Hippa^  793,  794 
Hippocrates,  235 
Hippopotamus,  523 
Hirudinea,  439 
Hirudoy  438 
Histology,  11,  22 
Histones,  168 

History,  of  chromosomes,  706;  of  science, 
14 

Hive,  bee,  479 
Hog,  423;  cholera,  249 
Holarctic  realm,  804 
Holoblastic  cleavage,  690 
Holometabolic,  77 
Holostci,  825 
Ilomarus,  798 
Homer,  907 
Hominidac,  885,  886 

Homo,  886;  ncanderlhalensis,  892,  895,  896; 

sapiens,  885,  892,  896;  soloensis,  896 
Homologous,  chromosomes,  279;  organs, 
474 

Homology,  474,  475,  536,  847-849;  serial, 
474,  475,  536 
I  !omo{)tcra,  488 
Homozygous,  723 
Honey,  466,  479,  480 
Honeybee,  462  471,  478,  484;  see  also  Bee 
Honeycomb,  479,  481 
I loncydew,  482 
I  loney  storing,  479 
Hoofed  mammals,  523 
Hooke,  Robert,  87,  89 
Hookworm,  423,  424;  disease,  424 


Hordeum,  357 

Hormone,  562,  650,  654,  655;  compared 
with  vitamin,  651;  plant,  349;  see  also 
Endocrine 

Horned  sheep,  domestication,  905 
Horse,  85,  419,  422,  523,  848;  chestnut,  318; 
evolution  of,  856,  879;  fore  leg,  857;  teeth, 
development  of,  859;  teeth,  evolution  of, 
858,  859 

Horseshoe  crab,  792,  793 
Horsetails,  271,  272 
Host-parasite  relationship,  416 
Hot  springs,  195 
Houseflies,  485 

Human,  brain,  630;  chromosomes,  707;  ear, 
647;  egg,  674;  embryo,  694;  embryo, 
arterial  system,  606;  eye,  641;  female 
reproductive  organs,  663;  foetus,  668; 
heart,  610-613;  heredity,  742;  male  re¬ 
productive  system,  661;  respiratory  sys¬ 
tem,  578;  retina,  643;  spermatozoa,  666; 
uterus,  695;  see  also  Man 
Humerus,  man,  535 
Humming  birds,  82 
Humoral  theory  of  disease,  236 
Humus,  761 

Huxley,  Thomas  Henry,  843 
Hydatid  cysts,  414 

Hydra,  32-38,  71,  391,  399,  783;  asexual  re¬ 
production,  37;  buds,  37;  chromosome 
number,  708;  cnidocil,  391,  392;  digestion, 
36;  ectoderm,  35;  egestion,  36;  egg  cell, 
38;  endoderm,  35;  epidermis,  35,  37;  excre¬ 
tion,  36,  37;  extracellular  digestion,  36; 
foot,  32;  gametes,  38;  gastrodermis,  35, 
37;  gastrovascular  cavity,  33;  gland  cell, 
35;  hypostome,  32;  ingestion,  36;  intra¬ 
cellular  digestion,  36;  locomotion,  33; 
longitudinal  division,  37;  longitudinal  sec¬ 
tion,  34;  mesoglea,  35;  metabolism,  36; 
mouth,  32;  nematocyst,  35,  391,  392; 
nerve  cell,  35,  391;  ovary,  37,  38;  respira¬ 
tion,  37,  sexual  reproduction,  38;  sperm, 
38;  tentacles,  32;  testis,  37;  transverse 
division,  37;  urea,  37 
Hydrangea,  311 
Hydrocarbons,  152 
Hydrochloric  acid,  140,  142,  145 
Hydrogen,  116—118,  127,  130,  131,  155, 
sulphide,  231 

Hydroid,  790;  medusa,  394-395 
Hydrolysis,  159,  167,  561;  of  proteins,  165 
Hydronium  ion,  138,  139;  concentration, 
'140,  144 

Hydrophobia,  238,  239,  245,  249 
Hydrosphere,  117 
Hydrothccae,  Obelia,  393 
Hydrotropism,  3^8 
Hydroxide,  ammonium,  570 
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Hydroxyl,  group,  155;  ion,  138,  139,  143; 

ion  concentration,  140,  143 
Hydrozoa,  392-396 
HylobaleSy  883,  886 
Hymen,  664 

Hymenium,  209;  of  mushroom,  215 
Hymenomycetes,  216 
Hymenoptera,  488;  fossil,  824 
Hyoid  arch,  685 
Hyomandibular  pouch,  684 
Hyphae,  206 

Hypocotyl,  306;  of  pine,  291 
Hypodermis  of  arthropod,  442 
Hypoglossal  nerve,  633;  of  man,  625 
Hypog>mous,  313 

Hypopharynx,  of  bee,  463;  of  grasshoppxrr, 
456 

Hyp)ophysis  of  frog,  629 
Hypostome  of  Uydra^  32 
Hypothesis,  3,  5;  deduction  from,  3;  test  of, 
3;  verification  of  an,  7 
Hyracoidea,  523 

Ice  cap,  833 
Iceland,  415 
Ichthyology',  1 1 
Ichthyosaur,  517,  827 
Ichthyosaurus y  827 
Identical  twins,  741,  742 
Ileum,  of  frog,  548;  of  man,  551,  552 
Iliac  arteries,  of  frog,  600,  601;  of  man,  607, 
608 

Iliad,  907 

Ilium,  of  frog,  534,  541;  of  man,  534 
Imago,  473;  grasshopper,  454 
Immunity,  237,  242,  244-246;  acquired,  244; 

active,  245;  natural,  244;  passive,  245 
Immunizadon,  active,  247 
Immunology,  237 
Imperfect  flowers,  312 
Implantation,  667 
Impulse,  nerve,  621 
Incas,  906 
Incisor  teeth,  546 

Incubation  p>eriods  of  diseases,  242,  243 
Incus  of  ear,  648 
Indehiscent  fruits,  317 
Independent  plants,  217 
India,  410,  414,  424 

Indian,  American,  907;  corn,  357,  735; 

pipe,  762;  turnip,  761 
Indigenous,  805 
Indigo,  false,  770 
Indirect  nuclear  division,  107 
Indo-Ghina,  410 
Industry,  bacteria  in,  235,  236 
Inert  elements,  130 
Infantile  paralysis,  239,  243,  249 
Infection,  242;  wound,  365 


Inferior,  528;  mesenteric  artery  of  man, 
607;  ovary',  313;  vena  cava  of  mammal, 
610;  vena  cava  of  man,  609,  610 
Inflorescence,  of  corn,  357;  cymosc,  310, 
311;  racemose,  310 
Inflorescences,  309-311 
Influenza,  242 

Infundibulum,  685;  frog,  629;  man,  545, 
625,  631;  of  oviduct,  663 
Infusion,  379 
Infusoria,  379-386 
Ingestion  of  Hydra,  36 
Inguinal  canal  of  man,  662 
Inhalent  siphon  of  mussel,  500 
Inheritance,  of  acquired  characters  not 
known,  862;  in  guinea  pig,  726,  727;  in 
man,  470-475 

Inner  cell  mass,  695;  human  egg,  667;  rab¬ 
bit  egg,  693 

Innominate,  artery  of  mammal,  610;  artery 
of  man,  607,  610;  bone  of  man,  534;  vein 
of  man,  609 

Inorganic,  environment,  750;  salts,  absorpn 
tion  of,  339 

Insect,  77,  78,  241,  441,  473,  474,  484,  762; 
anatomy,  22,  822;  control,  489;  enemies, 
489;  fossil,  823,  824,  831;  pests,  485;  pol¬ 
lination,  313;  societies,  477;  see  also  In- 
secta  and  Insects 

Insecta,  77,  442,  489;  phylogenetic  tree  of, 
488 

Insectivera,  519 

Insects,  destructive,  489;  metamorphosis  of, 
77;  mouth  parts  of,  78;  pond,  782,  783; 
social  life  of,  476;  useful,  484;  u-ings  of,  78 
Insemination,  667 
Insertion  of  muscle,  537 
Inspiration,  579 
Instinct,  nesting,  of  wasp,  476 
Insulin,  651,  654 
Integument  of  pine,  291 
Interaction  of  endocrine  glands,  658 
Intercellular,  air  spaces,  334;  materials,  91; 

substance,  104 
Interface,  169 
Interfacial  area,  174 
Interfascicular  cambium,  329 
Interglacial,  third,  889,  902 
Intermediate  host  of  parasite,  417 
Intermedin,  655,  657 

Internal,  carotid  artery  of  frog,  601 ;  ear,  646; 
gill  of  frog,  685;  iliac  artery  of  frog,  601; 
iliac  artery  of  man,  607;  jugular  vein  of 
frog,  602;  jugular  vein  of  man,  609; 
medium,  587,  615;  respiration,  577; 

secretions,  650 
Internode,  294,  295 
Intestinal,  juice,  563;  vein  of  frog,  602 
Intestine,  563;  absorption  in,  565;  of  Ascaris 
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420;  of  bee,  466;  of  Brachiopoda,  497;  of 
Bryozoa,  496;  cross  section,  frog,  549;  of 
earthworm,  428,  431;  endocrine  function 
of,  654;  of  frog,  541,  548,  549;  of  grass¬ 
hopper,  459;  large,  564;  of  mussel,  501,  502 
Intracellular  digestion  in  Hydra^  36 
Introduced  species,  805 
Intussusception,  growth  by,  41 
Inversion,  chromosome,  738 
Invertebrate,  507 ;  compared  with  vertebrate, 
507-509 

Involution  forms,  bacteria,  221,  222 
Iodine,  557 

Ion,  127,  133,  137,  139;  ammonium,  133; 

balance,  557 
Ionic  concentration,  139 
Ionization,  137,  138;  of  water,  138,  139 
Ions,  139 

Iris,  69;  eye,  641,  642,  643;  family,  69 
Iron,  117,  557,  907;  Age,  907 
Iron  weed,  771 
Irregular  flowers,  311 
Irritability,  43,  45 
Ischium  of  frog,  534;  of  man,  534 
Islands,  of  Langerhans,  568,  651;  oceanic, 
854 

Isobutanc,  152 
Isogametes,  197,  200 

Isolation,  in  the  formation  of  species,  878; 

geographic,  854;  geographic  effect  of,  855 
Isomer,  153,  237 

Isoptera,  483,  488;  fossil,  824;  see  also 
Termites 
IstiophoruSy  79 
Italy,  414 
Iter,  frog,  630 
Ivory,  546 

Jack-in-thc-pulpit,  310,  760,  761 

Jaguar,  520 

Japan,  410,  414,  485 

Java,  896;  ape-man,  893;  restoration,  898 
Jaws,  414 
Jays,  82 

Jejunum,  man,  551,  552 

jellyfish,  71,  72,  396,  397;  fresh-water,  783; 

structural  tyjx*,  53;  see  also  Aurelia 
Jewelry  of  early  man,  907 
Joint,  capsule,  537;  cavity,  537 
Jointc<l  af>i>en(lagcs  of  arthropod,  441 
Joints,  536,  537 
Jugular  vein,  609 
Juni|>er,  283 

j.irassic,  816,  824,  827,  828 

Kale,  359 
Kangaroo,  83 
Karyf>tin,  99 
Katalxilisin,  42,  189 


Katydid,  77 
Kelp,  65,  66 

Ketogenic  hormone,  655,  657 
Kidney,  687;  Bowman’s  capsule,  584;  col¬ 
lecting  duct,  584;  collecting  tubule,  585; 
cortical  substance,  584;  cortex,  584;  distal 
convoluted  tubule,  585;  distal  tubule,  584; 
of  dogfish,  595;  excretory  tubes,  585;  of 
frog,  541,  548,  581,  660;  function,  585; 
Henle’s  loop,  584;  hilus,  584;  loop  of 
Henle,  585;  of  man,  583-585;  medullary 
substance,  584;  of  mussel,  502;  pelvis, 
584;  proximal  convoluted  tubule,  584, 
585;  tunic,  584;  uriniferous  tubule,  585 
Kilocalorie,  146,  571 
Kinetic  energy,  123 
King  crab,  442,  792,  793 
Kingdom,  62;  survey  of  animal,  69-85; 

survey  of  plant,  64-69 
Kingfisher,  82,  780 
Kissing  bug,  Triatomay  488 
Kiwi,  82 

Knitting,  Neolithic,  906 
Koch,  Robert,  237;  postulates,  238 
Kohlrabi,  358 
Korea,  410 

Labial  palp  of  mussel,  501,  502 
Labium,  of  bee,  463;  of  grasshopper,  456 
Labor,  division  of,  40,  70 
Laboratory  work,  8 

Labrum,  of  bee,  463;  of  grasshopper,  454, 
455,  456 

Lacewing  fly,  488 

Lacrimal,  canal,  642;  gland,  642 

Lactase,  563 

Lacteal,  563,  568,  614 

Lactic  acid,  228,  567 ;  bacteria,  228 

Lactose,  159,  228 

Lagomorpha,  523 

Lamarck,  841,  861;  postulates,  861;  theory 
of  evolution,  861,  862 
Lamina  of  leaf,  333 
iMminarWy  65,  66 
Lamp  shells,  497 
Lamprey,  79,  514 

Land,  life  on,  757-775;  plants,  253,  277; 
snail,  74 

Landsteincr,  592 

Langerhans,  islands  of,  568,  651 

Lappet  of  Aurelwy  396,  397 

Larch,  283 

Large  intestine,  564 

Lark,  horned,  773 

Larks,  82 

Larva,  of  Amphibia,  516;  of  bee,  479; 

I'richinolla,  423;  urochord,  512 
Laryngeal  artery  of  frog,  600 
Liuynx,  of  frog,  575;  of  man,  545,  577,  578 
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Lateral,  funiculus  of  spinal  cord,  622;  plate, 
686;  ventricle  of  frog,  629 
Lathrodectus,  78 
Laucr’s  canal  of  fluke,  407 
Law,  of  gravitation,  5,  9,  12;  of  nature,  5,  6 
Leaf,  332-335;  axil,  294,  295;  base,  333; 
blade,  294;  border  cells,  335;  epidermis  of, 
341;  guard  cells,  334;  lamina,  333;  meso- 
phyll,  334;  net  veined,  333;  palisade  tissue, 
334,  335;  parallel  veined,  333;  path  of 
water  in,  340;  petiole,  333;  spongy  tissue, 
335;  stipules,  333;  stoma,  334,  341;  veins, 
333;  venation,  333 
I^afy  liverworts,  256 
Learned  reflex,  635 

Leaves,  294;  alternate,  294;  floral,  296; 
foliage,  296;  opposite,  294;  scale,  296; 
vegetative,  296  • 

Lecithoproteins,  168 
Leech,  76,  236,  439,  783 
Leek,  359 
Leeuwenhoek,  22 

Leg,  of  bee,  463;  of  grasshopper,  456 
Legionary  ants,  481 
Legume,  316,  318 
Lcguminosac,  229 
Leguminous  plants,  230,  231 
Lemma,  of  wheat,  355;  of  corn,  357 
Lemna,  111 
Lemur,  521,  882 
Lemuridae,  882,  886 

Lens,  of  eye,  642;  muscle,  642;  placode,  683; 

simple,  19;  suspensory  ligament  of,  642,  643 
Lenticels,  44,  331,  332 
Leopard,  520;  frog,  776 
Lepidoptera,  487,  488 
Lepidosiren,  515 

Lesser,  circulation,  18;  curvature,  stomach, 
551 

Lethal  mutations,  733,  734 
Lettuce,  359 

Leucocyte,  588;  mononuclear,  589;  p)oly- 
morphonuclear,  589 
Leucoplasts,  97,  100,  102 
Lice,  485 

Lichen,  66,  216,  217;  thallus,  216 
Life,  continuity  of,  48;  cycle  of  Clonorchis,  409; 
cycle  of  fern,  271;  cycle  of  flowering  plant, 
294-318;  cycle  of  liverwort,  255,  256; 
cycle  of  moss,  261,  262;  cycle  of  parasites, 
417;  cycle  of  Selaginella,  275;  definition  of, 
27 ;  evolution  of  social,  908;  in  a  fresh  water 
pond,  775-784;  in  a  forest,  759;  on  land, 
757-775;  origin  of,  59,  231;  in  the  sea, 
784-802;  tree  of,  58 
Ligament,  duodeno-hepatic,  550 
Light,  754;  stimulus  of,  46 
Lily,  317;  chromosome  number,  708;  family, 
68,  69 


Limax,  849 
Limpet,  789 
Limulus,  78,  792,  793 
Linen,  362 

Lingual  artery  of  frog,  600 
Linkage,  730 
Linnaeus,  60,  61,  840 
Linseed  oil,  362 
Lion,  83,  520;  sea,  521 
Lip  cells  of  fern,  265 
Lipase,  563 
Lipoids,  180 
Liquid,  125 
Lithobius,  76 
LiHorina,  789 

Liver,  17,  566;  cells,  568,  569;  development 
of,  684;  of  dogfish,  595;  fluke,  ser  Clonorchis, 
Fasciola,  Fluke;  of  frog,  548,  549,  550;  of 
man,  551,  553;  of  mussel,  502;  of  tadpole, 
598 

Liverwort,  66,  309,  779;  chromosome  num¬ 
ber,  708;  life  cycle,  255,  256 
Liverworts,  253-256;  leafy,  256 
Living  things,  characteristics  of,  27-50 
Lizard,  762;  marine,  855 
Lizards,  81,  516 
Lobed-fmned  fish,  515 

Lobster,  443,  798,  799;  abdomen,  443; 
antenna,  443;  antennule,  443;  cephalo- 
thorax,  443;  chelip>cd,  443;  mysis  stage  of, 
447;  pleop)ods,  443;  rostrum,  443;  tail  fan, 
443;  telson,  443;  trapw,  453;  uropod,  443 
Lobsters,  76,  441,  453 

Locomotion,  adaptations  to,  44;  ccu-thworm, 
431;  Hydra,  33 
Locule,  299 

Locust,  see  Grasshopper 
Lodicules  of  wheat,  356 
Loligo,  799 
Lone  electrons,  1 34 

Longitudinal,  division,  Euglena,  376;  division. 
Hydra,  37;  muscle,  earthworm,  430 
Loons,  82 

Loop  of  Henle,  kidney,  585 
Lophophore,  Brachiopoda,  497;  Bryozoa,  496 
Louse,  bird,  488;  body,  486;  book,  488;  crab, 
486 

Lower  bacteria,  222 

Lower  jaw,  of  frog,  530;  of  man,  530 

Lucretius,  839 

Lumbar,  artery  of  frog,  600;  enlargement  of 
spinal  cord,  625;  vertebra  of  man,  532 
Lumbosacral  plexus,  626;  of  frog,  624;  of 
man,  625 

Lumbricus,  427-438;  see  also  Earthworm 
Lung,  alveolus  of,  569;  flukes,  410;  of  frog, 
548,  575,  576;  of  tadpole,  598;  of  verte¬ 
brate,  509 

Lungfish,  80,  515,  516,  820,  825 
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Lutien  cells,  702 
Lycoperdon^  761 
Lycopodineae,  272 
Lycopodium,  272 
Lyell,  Charles,  841,  843 
Lymph,  89;  glands,  424;  spaces,  615;  spaces 
of  frog,  541 

Lymphatic  system,  568,  614;  thoracic  duct 
of,  614,  615 
Lym.phatics,  615 
Lynx,  520 

Lyophilic  systems,  174 
Lysins,  244 

Macaroni,  356 
Mackerel,  800 

Macrogametes  of  Volvox,  yil 
Macronucleus  of  Paramecium,  380,  382 
Macropus,  83 
Macula  lutea,  643 
Madagascar,  410,  414 
Magdalenian  culture,  892,  904 
Maggots,  48,  473 

Magnesium,  117,  129,  130,  557;  ion,  139 

Magnification,  20,  121 

Magnifying  glass,  20 

Mahogany,  361 

Maize,  357 

Malaria  parasite,  71,  386-388;  see  also  Plas¬ 
modium 
Malaya,  410 
Malaysia,  424 

Male,  bee,  481;  gamete  of  Spirogyra,  31; 
gametophyte  of  flowering  plant,  301,  302; 
gametophyte  of  pine,  288,  289;  hormone, 
665;  reproductive  organs,  661-663 
Malleus,  ear,  648 
Mallo})haga,  488 
Mallow  family,  68 
Mal{)iglii,  Marcello,  18,  21 
Malpighian,  body,  568,  586;  body  of  frog, 
582;  corptiscles,  21;  tubules  of  bee,  466, 
467;  tubules  of  grasshopper,  459,  460 
Malt,  357 

Maliase,  159,  561,  563 
Malflius,  'riioinas,  842 
Maltose,  159,  563 

Mammal,  archaic,  832;  auricle,  610;  bicuspid 
valve,  610;  carotid  artery,  610;  dcvclop- 
meut,  692  696;  dorsal  aorta,  610;  em¬ 
bryos,  852;  fossil,  829;  heart,  610;  inferior 
vena  cava,  610;  innominate  artery,  610; 
ovary,  702;  ptdmonary  artery,  610;  pul¬ 
monary  vein,  610;  sub(  lavian  artery,  610; 
superior  vena  cava,  610;  tricuspid  valve, 
610;  venti  it  le,  610 

Mamin. dia,  83,  518;  sec  also  Mammals 
M.nmn.ilogy,  1  1 

M.mmials,  83,  541;  adaptive  radiation  of, 


831;  Age  of,  831;  ancestors  of,  823;  egg- 
laying,  83;  grazing,  774;  hoofed,  523; 
placental,  83,  519;  Pleistocene,  833; 

pouched,  83;  primitive,  832;  subclasses  of, 
518,  519 

Mammary  glands,  51 8 

Mammoth,  523,  833,  902;  fossil,  809 

Man,  408,  410,  413,  419,  422-424,  484,  521, 
541,  555,  663;  Age  of,  833,  892;  ancestors 
of,  887;  antiquity  on  American  continent, 
906;  aortic  arches,  607,  608;  appendix, 
vermiform,  551;  art  of  early,  903;  arterial 
system,  606-608;  auditory  capsule,  530; 
bile  duct,  551,  553;  bladder,  urinary,  661, 
664;  blood,  588,  589;  brain,  630-655; 
breathing,  578;  caecum,  552;  central 
nervous  system,  621-628,  630-633;  cere¬ 
bellum,  545,  625,  631;  cerebral  cortex, 
630;  cerebral  hemisphere,  630,  631;  cere¬ 
brum,  545;  chromosomes,  707,  708;  classi¬ 
fication,  886;  clavicle,  533;  coccyx,  664; 
collar  bone,  533;  colon,  551,  552;  color, 
729;  compared  to  ape,  885;  coracoid 
process,  533,  534;  cranial  capacity,  885; 
cranial  nerves,  625,  632,  633;  cranium, 
530,  545;  crura  cerebri,  631;  cultural  ages 
of,  898;  cystic  duct,  553;  digestive  system, 
550-553;  duodenum,  551,  552;  ear,  647; 
egg,  674;  embryonic  blood  vessels,  695; 
embryos,  694-696,  851;  epiglottis,  545; 
esophagus,  545,  551,  577;  Eustachian 
tube,  544;  evolution  of,  887-908;  excretion, 
585-587;  excretory  system,  583-585;  eye, 
641;  fertilization,  666;  foetus,  668;  frontal 
sinus,  545;  gall  bladder,  551,  553;  geo¬ 
logical  history  of,  888-907;  glottis,  545; 
Graafian  follicle,  663;  heart,  610;  hepatic 
ducts,  553;  heredity,  741-745;  hymen, 
664;  ileum,  551,  552;  ilium,  534;  impor¬ 
tance  of  plants  to,  353-365;  infundibulum, 
545,  625,  631;  inguinal  canal,  662;  inner 
cell  mass,  667;  larynx,  545,  577,  578;  liver, 
551,  553;  medulla  oblongata,  632;  Men- 
delian  characters  in,  741-743;  mouth,  545; 
mouth  cavity,  544,  551;  nares,  544,  545; 
nasal  capsule,  530,  545;  nostril,  545;  olfac¬ 
tory  lobe,  545,  625,  630,  631;  olfactory 
membrane,  545;  optic  lobes,  631;  orbit, 
530;  ovary,  664;  oviduct,  663;  ovulation, 
666;  ovum,  663;  palate,  544,  545;  pancreas, 
551,  553;  Peking,  893;  pharynx,  551,  577; 
pineal  body,  545,  631;  pituitary  body, 
545,  631 ;  placenta,  695;  pyloric  valve,  551 ; 
races  of,  886;  rectum,  553;  reproductive 
organs,  661-664;  respiratory  system,  577- 
581;  retina,  643;  salivary  glands,  550; 
sculpture  of  early,  904;  secondary  sexual 
characters,  665;  skeleton,  528-536;  skull, 
530,  531;  skull  compared  to  gorilla,  885; 
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spermatozoa,  666,  674,  700;  sphenoidal 
sinus,  545;  spinal  cord,  545;  spinal  nerves, 
625,  626;  stomach,  551;  teeth,  544,  547; 
testis,  661,  662;  thalamus,  631;  tongue, 
544,  545,  551;  tonsil,  545;  trachea,  577, 
578;  trophoblast,  667;  true  vocal  cords, 
577;  umbilical  cord,  695;  ureter,  584, 
661,  664;  urethra,  584,  661,  664;  urinary 
bladder,  584;  uterus,  663,  664,  695; 
vagina,  664;  venous  system,  608-610; 
vocal  cords,  577;  zoological  position  of, 
882;  see  also  Human 
Manatee,  524,  834 
Manchuria,  414 

Mandible,  of  bee,  463;  of  crayfish,  444,  445, 
446;  of  grasshopper,  455,  456 
Mandibular  arch,  685 
Mandibular  arch  of  dogfish,  595 
Manganese,  117 
Mannose,  158 
Mantis,  praying,  488 

Mantle,  of  Brachiopoda,  497;  cavity  of 
mussel,  501;  of  mussel,  500,  502 
Manubrium,  Aurelia^  396;  medusa,  394 
Manufacture,  food,  343-346 
Manure  worms,  438 
Maple,  317,  361;  family,  69 
Marchantia^  253-256,  309;  antheridia,  255; 
archegonia,  255;  buds,  254;  gametophyte, 
253-255;  receptacles,  255;  rhizoids,  254; 
sexual  reproduction  in,  255;  sporophyte, 
255 

Marginal  spine,  starfish,  498 
Marmoset,  883 

Marriage,  745;  consanguineous,  742 
Marsupials,  519;  pouch,  519 
Marsupium,  519 
Mason  wasps,  475 

Mass,  conservation  of,  114;  cultures,  247 
Massachusetts,  487 
Mastication,  543,  561 
Mastigophora,  374,  379 
Mastix,  rotifer,  496 
Mastodon,  523,  832 
Mastoiditis,  365 
Mating  types,  Paramecium^  385 
Matrix  of  nucleus,  100;  of  bone,  105 
Matter,  114;  consers'ation  of,  114;  indestruc¬ 
tibility  of,  114;  structure  of,  116 
Maturation  division,  701 
Mature,  egg,  702;  region  of  root,  322 
Maxilla,  bee,  463;  crayfish,  444,  446;  grass¬ 
hopper,  455,  456 
Maxillary  sinus,  547 
Maxilliped  of  crayfish,  444—446 
May  flies,  78,  488 
Mayapple,  758 
Meal,  barium,  564;  com,  358 
Measles,  242,  246 


Measurements,  121 
Meat,  555 

Mechanical  tissue  of  stem,  328,  329 
Mechanistic  conception,  13 
Medicinal  plants,  363-365 
Medicine,  24 

Medium,  culture,  224;  internal,  587,  615 
Medulla,  adrenal,  652;  Fucus,  204;  ob¬ 
longata  of  frog,  629,  630;  oblongata  of 
man,  632 

Medullary,  rays,  329;  sheath,  620;  substance, 
kidney,  584 

Medusa,  exumbrella,  394;  fresh  water,  395, 
783;  hydroid,  394,  395;  manubrium,  394; 
ovaries,  395;  subumbrella,  394;  tentacles, 
394;  testes,  395;  velum,  395 
Megasporangium,  298,  299;  Seiaginella^  273 
Megaspores,  283,  284,  299,  705;  Selagimlla, 
273 

Mcgasporophyll  of  pine,  286 

Meiosis,  279,  699,  704;  in  animals,  704,  705; 

in  plants,  706;  results  of,  706 
Afelanoplus,  454;  see  also  Grasshopp)cr 
MeleagriSj  768 

Membrane, fcrtilization,71 1 ;  nictitating, 641 ; 
nuclear,  99,  101;  olfactory,  640;  plasma, 
100,  568;  plasma  of  Spirogyra,  28;  synovial, 
537;  undulating,  379;  vacuolar,  101 
Membranes,  176;  differentially  pjermeable, 
176,  177;  extraembryonic,  691,  693;  semi- 
p>ermeable,  176;  supporting,  540 
Membranous  labyrinth  of  frog,  646 
Men,  cave,  902;  fossil,  888 
Mendel,  Gregor,  730;  laws,  729,  730 
Mendelejeff,  12 

Mendelian,  character,  723,  734,  735;  char¬ 
acters  in  man,  741 
Mendelism,  720-730 
Meninges,  622 

Meningitis,  223,  239,  242,  245,  365 

Meningococcus^  223,  250 

Menopause,  665 

Menstrual  cycle,  665,  666 

Menstruation,  665,  666 

Meristem,  326;  secondary,  327 

Meroblastic  cleavage,  691 

Merozoid,  Plasmodium,  386,  387 

Merychippus,  856,  858 

Mesencephalon,  628;  frog,  630;  man,  631 

Mesenchyme,  687 

Mesenteric,  artery  of  dogfish,  595;  filament 
of  sea  anemone,  398 

Mesentery,  541;  frog,  541,  548;  sea  anemone, 
398 

Mesocarp  of  fruit,  317 

Mesoderm,  415,  425,  429;  of  Atcaris,  420;  of 
frog,  679;  somatic  layer,  686;  splanchnic 
layer,  686;  systems  from,  686 
Mesodermic  somite  of  frog  tadpole,  680 
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Mesoglea  of  Hydra,  35 
Mesohippus,  856-858 
Mesolithic,  892,  904 
Mesonephric  ducts  of  frog,  660 
Mesonephros,  687 
Mesophyll  of  leaf,  334 
Mesopotamia,  905,  907 
Mesorchium  of  frog,  659 
Mesothorax  of  bee,  463;  of  grasshopper,  454, 
456,  457 

Mesozoic  era,  815,  816,  822-830;  Early,  824- 
829;  Late,  829,  830 

Metabolism,  41,  42;  basal,  557,  572,  573; 
carbohydrate,  566,  567;  cell,  186;  fat, 
568,  569,  657;  general,  566;  Hydra,  36; 
protein,  569,  570 
Metacarpals,  man,  535 
Metagenesis,  400 

Metameres,  426,  474;  earthworm,  427 
Metamerism,  426,  474,  536;  annelid,  439; 

crayfish,  443,  444;  earthworm,  435 
Metamorphosis,  473,  474;  of  bee,  479;  com¬ 
plete,  77;  of  frog,  688;  of  grasshopper, 
454;  of  insects,  77;  of  mussel,  503;  pardal, 
77;  of  tadpole,  687,  688 
Metaphase,  108,  109 
Metaplcism,  95,  96,  98,  100 
Metatarsals  of  man,  535 
Metatheria,  83,  518,  519;  pouch  of,  519 
Metathorax,  of  bee,  463;  of  grasshopper, 
454,  456,  457 
Metazoa,  391 

Mctcnccphalon,  628;  frog,  630;  man,  631 

Meter,  120 

Methane,  147,  152 

Metric  system,  120 

Mexico,  487 

Mice,  423,  523 

Michtheimysis,  447 

Microcebus,  882 

Microdisscction,  93,  96 

Microfilariae,  424 

Microgametes,  Volvox,  377 

Micron,  91,  121,  122 

Micronuclcus,  Paramecium,  380,  382 

Micropylc,  299,  305 

Microscopic,  compound,  19,  20,  24,  87,  88 
Microscopists,  early,  19 
Microspirillum,  223 

Microspiorangium,  of  pine,  285;  of  Sclaginella, 
273 

Microspore,  283,  284,  298,  705;  of  pine,  285, 
289;  of  Si’laginclla,  272 
Micrnspnrella,  73 
Microspioropliylls  of  jiinc,  285 
Microtome,  94 
Mid  brain,  628;  of  frog,  681 
Middle,  ear,  646;  I’alcozoic,  820;  piece  of 
R|>ei  inatozoon,  673 


Mid-gut  of  crayfish,  450 
Migration,  822 

Migratory  nucleus  of  Paramecium,  383,  384 
Mildew,  66,  361;  pxiwdery,  209 
Milk,  83,  234,  518,  555;  bee,  479;  pasteuri¬ 
zation  of,  234;  souring  of,  227,  236;  sugar, 
159,  563;  teeth,  546 
Millimeter,  92,  121 
Millimicron,  122 
Millip>edes,  77,  441 
Mimicry,  871,  872 
Mind,  arthropod,  475 
Mineral,  118;  cycle,  754 
Minerals,  119;  required  by  body,  556,  557 
Mink,  520,  779 
Minnows,  485 
Miocene,  816,  831,  832 
Mississippian,  817,  822 
Mites,  78,  442,  783 
Mitosis,  107,  108,  111,  278 
Mixture,  chemical,  115 
Mode,  statistical,  718 
Modiolaria,  787 
Modjokerta,  893 
Molar  teeth,  546 

Mold,  66;  blue,  210;  fossil,  810;  green,  210 
Mole,  83,  519,  520 
Molecular  formula,  131,  150,  151 
Molecules,  116,  130,  151;  large,  151;  polar¬ 
ized,  164 

Mollusca,  53,  74,  75,  500-503;  fossil,  820,  821 

Mollusk,  see  Mollusca 

Monkey,  85,  521,  832;  spider,  883 

Monkeys,  New  World,  883;  Old  World,  883 

Monocirrhus,  871 

Monocots,  69 

Monocotyledon,  seed,  314;  stem,  332 
Monocotyledoneae,  69 
Monocystis,  388 
Monoecious,  312 

Monohybrid  cross,  720,  725;  explanation  of, 
111 

Monomerous  flowers,  311 
Monomolecular  film,  181,  182 
Mononuclear  leucocyte,  589 
Monosaccharides,  157 
Monotropa,  762 

Monro,  foramen  of,  frog,  629;  man,  630,  631 
Morchella,  360 
Morel,  360 

Morphology,  11;  founding  of,  14 
Mosaic  disease,  248,  249 
Mosquito,  424,  485 

Moss,  66,  309,  592,  761,  779;  animal,  73,  74, 
496,  791;  antheridia,  257;  antherozoids, 
257;  archegonia,  257;  budding,  261;  ca- 
lyptra,  260;  capsule,  260;  chromosome 
number,  708;  columella,  260;  embryo, 
259;  fertilization,  257;  gametophorc,  261; 
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gamctophytc,  256,  257;  life  cycle,  261, 
262;  op)erculum,  260;  paraphyses,  257; 
protonema,  261;  rhizoids,  256,  261;  seta, 
259;  sexual  organs,  257,  258;  sexual  re¬ 
production,  257;  spore-forming  tissue,  260; 
sporophyte,  256,  259 
Mosses,  256-263 

Moth,  762;  brown-tail,  487;  clothes,  489; 

gypsy,  487 
Moths,  78 

Motion,  encrg>'  of,  123 

Motor,  end  plates,  539;  filxrrs  of  earthworm, 
434;  neuron,  620 

Mouse,  85,  762;  deer,  765;  meadow,  772 
Mousterian,  892,  895,  902 
Mouth,  640;  of  Amphioxus,  513;  of  bee,  465; 
of  Brachiopoda,  497;  breathing,  577; 
cavity  development  of,  684;  cavity  of  frog, 
544;  cavity  of  man,  544,  551;  of  crayfish, 
445;  of  DnlichoglosxuSy  510;  of  fluke,  407;  of 
frog,  575;  of  Hcmichorda,  512;  of  llydra^ 
yi\  of  mussel,  501,  502;  of  Paramecium^  380; 
parts  of  insects,  78;  of  rotifer,  495;  of 
starfish,  498,  499;  of  urochord,  512 
Movement,  amoeboid,  370,  371;  Brownian, 
122,  123,  124,  173;  cuglcnoid,  375 
Mucoralcs,  209 

Mucosa,  of  frog  intestine,  549;  of  stomach, 
563 

Mucous  memljrane  of  mouth  of  frog,  544 
Mud,  flat,  794;  puppy,  516,  585;  turtle,  81 
Mulberry,  484 

Multiple,  factor,  729;  fruit,  315 
Multiplied  stamens,  312 
Mumps,  242,  249 
Mundinus,  16 

Mas,  norvegicus,  805;  railus,  805 
Muscle,  105;  action  of,  538;  antagonistic, 
538;  cells  of  Ascaris,  421;  of  claw  of  cray¬ 
fish,  448;  extensor,  538;  extensor  of  grass¬ 
hopper,  459;  of  eye,  642;  fiber,  91,  105, 
538,  539;  fiber,  striated,  105;  fiber,  stria- 
tions  of,  105,  106;  fibrils,  539;  flexor,  538; 
flexor  of  grasshopper,  459;  gastroenemius, 
537,  538;  insertion,  537;  lens,  642;  oblique 
of  eye,  643;  origin,  537;  peroneus,  538; 
sheath,  539;  smooth,  105;  striated,  539; 
tissue,  105 

Muscles,  557;  of  bee,  464,  566;  of  crayfish, 
443,  445,  448;  of  leg  of  toad,  538;  longi¬ 
tudinal,  430;  recti  of  eye,  642;  voluntary, 
537-539;  wing  of  bee,  465 
Muscular  system,  537-539 
Musculocutaneous  vein  of  frog,  602 
Mushroom,  65,  66,  360,  762;  basidiospore, 
215;  basidium,  215;  cap,  215;  gills,  215; 
hymenium,  215;  mycelium,  215;  pileus, 
215;  sterigma,  215;  stipe,  214 
Mushrooms,  214-216 


Muskrat,  85,  523,  778,  779 
Mussel,  787;  adductor  muscle,  501,  502; 
anus,  502;  aorta,  502;  arteries,  501; 
auricle,  502;  black,  787;  brain,  502; 
ccrcbro-pleural  ganglion,  501;  coelom, 
501;  dorsal  siphon,  501,  502;  eggs,  502; 
cpibranchial  chamber,  501;  esophagus, 
501;  excretory'  canal,  502;  excretory’  pore, 
502;  exhalent  siphon,  500;  foot,  500,  502; 
fresh  water,  783;  ganglion,  501;  genital 
duct,  501;  genital  gland,  502;  gill,  501, 
502;  gill-plate,  501;  glochidium,  502; 
gonads,  502;  heart,  501;  inhalent  siphon, 
500;  intestine,  501,  502;  kidney,  502; 
labial  palp,  501,  502;  liver,  502;  mantle, 

500,  502;  mantle  cavity,  501;  metamor¬ 
phoses,  503;  mouth,  501,  502;  nephridium, 
50’;  parasitic  stage,  503;  pedal  ganglion, 
502;  [xrticardial  cavity,  501;  pericardium, 
502;  protractor  muscle,  501;  rectum,  502; 
rcno-pericardial  opening,  502;  retractor 
muscle,  501;  siphon,  501,  502;  stomach, 

501,  502;  umbo,  500;  valves,  500;  veins, 
501;  ventral  siphon,  501,  502;  visceral 
ganglion,  502 

Mustard  family,  68 
Mustelus,  514 

Mutation,  720,  738;  artificial,  738,  739; 
natural,  rate,  875,  876;  statistical  study  of, 
872;  theory,  de  Vries’s,  864;  in  turkey, 
719 

Mutations,  advantageous,  869;  direction  of, 
869;  disadvantageous,  869;  lethal,  733, 
734;  in  a  population,  875 
Mutual  benefit,  756 
Mva,  795 

Mycelium,  206;  mushroom,  215;  Rhizopus, 
206,  208 

Mycobacterium,  223,  237,  243 
Myelcncephalon,  628;  frog,  630;  man,  631, 
632 

Myomere  of  frog,  680 
Myotis,  520 

Myotome  of  Amphioxus,  5 1 3 
My  sis,  447,  448 

Mysis  stage  of,  crayfish,  448;  lobster,  447 
Myxedema,  656 

Nais,  438 

Nares,  546;  of  frog,  544;  of  man,  544,  545 
Nasal,  breathing,  577;  capsule  of  frog,  529, 
530;  capsule  of  man,  530;  cavities,  640; 
cavities  of  man,  545,  577 
Nasopharynx,  546;  man,  577 
Natica,  793 
Katrix,  780 

Natural,  immunity,  244;  mutation,  738; 
parthenogenesis,  713;  reflex,  635;  sciences, 
10;  selection,  870;  selection,  Darwin’s 
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theory  of,  863,  864;  system  of  classifica¬ 
tion,  845 

Neanderthal  man,  902;  description  of,  896; 
restoration  of,  897,  898;  skeleton,  896; 
skull,  891 

Nearctic  realm,  803,  804,  805 
Nearsightedness,  644 
Necator,  423,  424 

Neck,  cell  of  pine,  288;  tooth,  546 
Nectar,  466,  479 

Necturus,  516,  585;  conduction  path,  brain 
of,  634 

Needles,  pine,  284 
Negro,  729 
Neisseria,  22,  242 

Ncmathelminthes,  72,  74,  419-425,  492 
Nematocysts,  Aurelia,  396;  Hydra,  35,  391,  392 
Neoceralodus,  515 

Neolithic,  892,  904;  Stone  Age,  905 
Neon,  128,  130 
Neosalversan,  250 
Neotropical  realm,  803,  804,  806 
Nephridiopore,  cf  crayfish,  444;  of  earth¬ 
worm,  430,  432 

Ncphridium,  426;  of  annelid,  439;  of  Brachi- 
opoda,  497;  Bryozoa,  496;  of  crayfish,  445; 
of  earthworm,  428,  432;  of  mussel,  501 
Nephron,  585 

Ncphrostomc,  frog,  582;  earthworm,  428,  432 
Nepttinc,  discovery  of,  12 
Nereis,  438,  797 

Nerve,  action,  621;  auditory,  633;  cell,  91, 
92,  106,  618;  cell,  collateral  branch,  619; 
cell  of  Hydra,  35;  cell  layers  of  retina,  643; 
cell,  motor,  106;  cell,  terminal  aboriza- 
tions  of,  106;  cell,  terminal  branch,  619, 
620;  cord  of  bee,  467;  cord  of  earthworm, 
428,  430;  cord  of  Planaria,  404;  cord  of 
starfish,  499;  cord  of  urochord,  512; 
cranial,  632,  633;  facial,  633;  fiber  tracts 
of  amphibian  brain,  633;  fillers,  alTcrcnt, 
624;  fibers,  efferent,  625;  glossopliaiyngcal, 
633;  hyiioglossal,  633;  impulse,  621;  olfac¬ 
tory,  632;  optic,  624,  632;  spinal,  623- 
626;  synapse,  621;  trigeminal,  632;  vagus, 
633 

Nerves,  557,  620;  cranial  of  frog,  624; 
cranial  of  man,  625;  spinal  of  frog,  624; 
s|)inal  of  man,  625 

Nervous  system,  Arnfiliin.xus,  513;  of  arthro¬ 
pod,  475;  of  Asearis,  422;  autonomic,  638; 
of  bee,  468,  469;  central  of  man,  625; 
of  crayfish,  451;  development  of,  680; 
of  earthworm,  433;  enteric,  638;  of  grass¬ 
hopper,  460,  461;  par«'isympathetic,  638, 
of  tapeworm,  412;  of  urochord,  512,  of 
vertebrate,  507,  509,  618  638 
Nesting  instiuet  of  wasp,  476 
Nesis,  aut,  481 ;  bee,  478 


Net  veined,  leaf,  333 
Netting,  Neolithic,  906 
Nettle,  761 
Network,  Golgi,  97 

Neural,  arch  of  vertebra,  531,  545;  canal  of 
vertebral  column,  531;  crest  of  frog,  680, 
681;  folds  of  frog,  681;  plate  of  frog,  680; 
spine  of  frog,  531,  532;  spine  of  man,  531; 
tube  of  vertebrate,  510,  628 
Neurenteric  canal  of  frog,  681 
Neurilemma,  619,  620 

Neuron,  618;  association  of  eye,  643;  col¬ 
lateral  branch,  619;  motor,  620;  sensory, 
620;  terminal,  619 
Neuroptera,  488;  fossil,  824 
Neutral  atom,  126 
Neutralization,  143 
Neutrons,  126 

New,  England,  487;  Guinea,  410,  518,  519; 
Mexico,  906;  species  by  mutation  and 
selection,  878-880;  Stone  Age  culture, 
904;  World,  423 
Newt,  80;  spotted,  781 
Niacin,  558,  560 
Nicotina,  103,  359 
Nicotinic  acid,  558,  560 
Nictitating  membrane,  641 
Nightcrawler,  422-438 
Nile,  905 
Nitella,  66 
Nitrate  ion,  139 
Nitrates,  229 

Nitrifying  bacteria,  229,  230,  231 
Nitrite  ion,  139 
Nitrites,  229 
Nilrobacter,  229 
Nitrobacteriaceae,  222,  229 
Nitrogen,  116—118,  130,  155,  228,  570,  753, 
754;  cycle,  230,  753;  fixation,  196 
Nitrogen-fixing  bacteria,  229 
Nilrosomonas,  223,  229 
Node,  294;  of  Ranvier,  619,  620;  stem,  295 
Nomenclature,  binomial  system  of,  60 
Nondisjunction,  737 
Nonelcctrolytcs,  137,  139 
Nonpolar  compounds,  134,  135 
North  America,  414 
Nos  toe,  65,  196 

Nostril,  man,  545;  frog,  526,  529 
Notochord,  511;  Atnphioxus,  513;  frog,  679, 
680,  681;  Hemichorda,  512;  urochord,  512 
Nourishment  in  deep  sea,  802 
Novum  Organum,  840 
Nuccllus,  298,  299,  304;  pine,  291 
Nuclear;  cycle,  278-280;  membrane,  95,  99, 
101 ;  sap,  100 

Nuclei,  gametophyte,  278;  migratory,  384; 
parts  of  seed,  304;  sperm,  301 ;  sporophyte, 
279;  stationary,  Paramecium,  384 
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Nucleolus,  99,  100,  102,  107 
Nuclcoproteins,  168 

Nucleus,  28,  87,  88,  95,  96,  100,  101,  280; 
of  atom,  126;  division  of,  107;  Euglena^ 
375;  functions,  99,  190;  matrix  of,  100; 
of  microspore  of  pine,  290;  primary 
endosperm,  300;  resting  stage,  99,  107; 
vegetative  stage,  107 

Number,  atomic,  127;  of  species  of  animals, 
61 

Nuptial  flight  of  bee,  481 
Nut,  317 

Nymph,  473;  dragonfly,  782,  783;  grass¬ 
hopper,  454,  461 

Oak,  331,  361;  classification  of,  63;  cork,  361 
Oat,  311,  349,  357 

Obeliiy  392-394;  coenosarc,  392,  393;  gono- 
thecae,  393;  hvirothecac,  393;  pcrisarc, 
392,  393;  polyps,  392 
Oblique  muscle  of  eye,  643 
Observation,  accuracy  of  an,  6 
Occipital,  artery,  of  frog,  600;  condyle  of 
frog,  530 

Occipito-vertebral  artery  of  frog,  600 
Ocean,  374;  bank,  801;  life,  801;  salts,  119, 
120 

Oceanic  Islands,  854 

Ocellus,  bee,  463,  468,  469;  grasshopper,  454, 
455,  460 
Octopus,  799 

Oculo  motor  nerve  of  man,  625 
OdocoileuSy  766 
Odonata,  488 
Odyssey,  907 

Oedogonium^  198-200,  203,  277;  anthcridia, 
199;  oogonium,  199;  sexual  reproduction, 
199;  zoospores,  199 
Oenothera,  864 
Oestrin,  655,  665 

Oil,  castor,  364;  corn,  358;  linseed,  362 
Old  age,  katabolism  in,  566;  Stone  Age,  900; 

World,  424 
Oleic  acid,  162 

Olfactory,  lobe  of  frog,  629;  lobe  of  man, 
545,  625,  630,  631;  membrane,  640; 
membrane  of  man,  545;  nerve,  624,  632; 
organ,  development  of,  683;  pit,  681,  683; 
placode,  683;  tract  of  frog,  624 
Oligocene,  816,  831,  832 
Oligochaeta,  438 
Omentum,  great,  553 
Ommatidia  of  crayfish,  451 
Onion,  359 
Oniscus,  l()'h 

Oocyst  of  Plasmodium,  387 
Oocyte,  703,  705;  of  frog,  701 
Oogenesis,  703;  animal,  706 
Oogonium,  699,  703;  of  Ascomycete,  210; 


of  frog,  701;  of  Fucus,  205;  of  Oedogonium, 
199 

Ookinete,  Plasmodium,  387 
Ootid,  702 
Ooze,  374 
Opalina,  386 

Opx;rculum,  of  frog  tadjxjlc,  686;  of  moss, 
260;  of  O^teichthyes,  514 
Opium,  363 
OpKJssum,  83,  519 
Opp>ositc  leaves,  294 
Opsonins,  244 

Optic,  axis,  643;  chiasma  of  frog,  624,  629; 
chiasma  of  man,  545;  631;  cup,  683;  lobe 
of  bee,  468;  lobe  of  frog,  629,  630;  loljc 
of  man,  631;  nerve,  624,  632;  nerve,  de¬ 
velopment  of,  683;  nerve  of  frog,  629; 
nerve  of  insect,  4;  nerve  of  man,  625; 
stalk,  682;  tract,  624;  vesicles,  682 
Oral,  groove  of  Paramecium,  380;  hood  of 
Amphioxus,  513;  phar)’nx,  577;  surface  of 
starfish,  497 
Orange,  316 

Orangutang,  884;  prccipitins,  852 

Orbit,  641;  man,  530;  frog,  529,  530 

Orchid  family,  69 

Orchidaceac,  314 

Order,  62 

Ordovician,  817 

Organ,  38;  of  equilibrium,  647;  of  equilib¬ 
rium  in  crayfish,  445 

Organic,  acids,  155;  compounds,  150;  com- 
]x>unds,  elements  in,  154;  compounds, 
features  of,  156;  compounds,  in  proto¬ 
plasm,  157;  environment,  756;  evolution, 
11 

Organization,  38,  40,  89;  of  plants,  64 
Organoids,  100;  cell,  96,  97;  fibrillar,  98 
Organs,  homologous,  474;  sense,  640--649; 

vestigial,  849 
Orient,  523 

Oriental,  liver  fluke,  408—410;  realm,  803, 
805,  806 

Orientation,  terms  of,  527,  528 
Origin,  of  agriculture,  354;  of  cultivated 
plants,  353;  of  life,  59,  231;  muscle,  537; 
of  parasitism,  416;  of  species,  842,  845; 
of  species,  Darvvin,  863;  of  species,  present 
knowledge  of,  866 
Ornithology,  11 
Ornithorhynchus,  82,  518 
Orthogenesis,  theory  of,  865 
Orthoptera,  488;  fossil,  824 
Oryza,  358 

Oscillatoria,  65,  196;  central  body  of,  196 
Osculum  of  sponge,  494 
Osmosis,  177 

Osmotic  pressure,  178,  339,  557 
Ossicles,  starfish,  498,  499 
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Osteichthyes,  79,  80,  514,  515;  gills,  514; 

operculum,  514 
Ostia,  sea  anemone,  398 
Ostioles,  Fucus,  205 
Ostracod,  782 
Ostracoderm,  819 
Ostrich,  82,  517 
Otocyst,  urochord,  512 
Otter,  520 

Ova,  Plasmodium,  387 

Ovarian,  follicle  of  frog,  701;  tubes  of  grass¬ 
hopper,  461;  tubules  of  bee,  470 
Ovary,  Ascaris,  422;  bee,  470;  Bryozoa,  496; 
buttercup,  298;  Clonorchis,  409:  crayfish, 
449,  452;  earthworm,  428,  435;  endocrine 
function  of,  655;  flower,  299,  302;  fluke, 
407;  frog,  659,  660,  701;  germinal  epithe¬ 
lium  of,  703;  grasshopper,  461;  human,  664; 
Hydra,  yj ,  38;  inferior,  312,  313;  mammal, 
664,  702;  medusa,  395;  Planaria,  404; 
stroma  of,  703;  superior,  312,  313;  tape¬ 
worm,  412 

Overproduction,  863,  864 
Oviduct,  crayfish,  452;  earthworm,  428, 
436;  frog,  659,  660;  grasshopper,  461; 
hum2m,  663;  infundibulum  of,  663;  Pla¬ 
naria,  404;  tapeworm,  412 
Ovigerous  tubes,  703 
Ovipositor  of  grasshopper,  456,  457 
Ovulation,  666 

Ovule,  283,  298,  299;  flower,  302;  pine,  287, 
288 

Ovum,  673;  human,  663 
Owl,  768;  burrowing,  772,  773;  great  horned, 
768 

Owls,  82 
Ox,  85,  523 

Oxidation,  30,  120,  146,  147,  148;  energy 
from,  231 

Oxygen,  116,  117,  118,  130,  131,  132,  155, 
575,  753;  transport,  590 
Oxytocin,  655,  668 
Oyster,  789;  drill,  787 
Oysters,  23,  75 

Pdf^urus,  790 

Palate,  546;  man,  544,  545 
Palearetir  realm,  803,  804,  805 
Paleolithic,  892,  900;  Parly  culture,  900, 
901;  Late  culture,  903;  Middle  culture, 
902,  903 

I'aleontology,  11,  17,  815  834;  as  evidence 
of  evolution,  856  860 

l*aleo/oie,  815,  817,  818  823;  P^uly,  818; 

Late,  822,  823;  Mid.lle,  819  822 
Palets,  of  corn,  357;  of  wlx'at,  355,  356 
Palisade  tissue,  le»if,  334,  335 
Palm  family,  69 
Palmitic  ucid,  162 


Palmitin,  162 
Palp,  grasshopper,  455 
Pan,  522,  886 

Pancreas,  563,  651,  652;  of  dogfish,  595; 
endocrine  function,  651,  654;  of  frog,  548, 
550;  of  man,  551,  553 
Pancreatic,  duct  of  frog,  550;  juice,  562 
Pangolins,  523 
Panicle,  311 

Pantotheric  acid,  558,  560 
Paragonimus,  410 

Parallel,  evolution,  308;  veined,  leaf,  333 
Paralysis,  infantile,  243 
Paramecium,  71,  380-385;  anus,  380;  avoiding 
reaction,  381;  cilia,  380;  cenjugation,  382, 
384,  385;  contractile  vacuole,  380,  381; 
cyclosis,  381;  division,  383;  ectoplasm, 
380;  endomixis,  385;  endoplasm,  380; 
exconjugants,  383;  food  vacuole,  380,  381; 
gullet,  380;  macronucleus,  380,  382;  mat¬ 
ing  types,  385;  micronucleus,  380,  382; 
migratory  nucleus,  383;  mouth,  380;  oral 
groove,  380;  pellicle,  380;  reaction,  avoid¬ 
ing,  381;  sexual  process,  383;  spiral  course, 
381;  transverse  division,  382;  trial  and 
error,  382;  trichocysts,  380 
Paraphyses  of  moss,  257 
Parasite,  217;  final  host,  417;  intermediate 
host,  417;  malaria,  386-388 
Parasites,  73,  423,  485;  degeneracy  in,  417; 
glochidium,  502;  life  cycles,  417;  repro¬ 
duction,  417 

Parasitic  stage  of  mussel,  503 

Parasitism,  416,  417,  425,  492;  Fungi,  217; 

Protozoa,  389;  types  of,  416 
Parasympathetic  nervous  system,  638 
Parathormone,  654,  656 
Parathyroid,  651;  endocrine  function  of, 
654;  glands,  656;  secretion,  654 
Paratyphoid  fever,  242 

Parenchyma,  324;  of  Planonan,  406;  of  root, 
323,  326;  of  stem,  328,  329 
Parietal,  placentaticn,  313;  pleura,  578 
Parmelia,  216 

Parotid  gland  of  man,  550,  551 
Parrots,  82 
Parsley  family,  69 
Parsnip,  311,  360 

Parthenogenesis,  713;  artificial,  714;  of  bee, 
471;  of  fluke,  408;  natural,  713;  of  rotifer, 
496 

Parthenogonidia  of  Volvox,  377,  378 

Partial,  dominance,  724;  cleavage,  691 

Par  tula,  853 

Passeriformes,  82 

Passive  immunity,  245 

Pasteur,  Louis,  48,  211,  237,  238 

Past  cur  clla,  243 

Pasteurization,  234,  237 
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Pasteur’s  experiment,  49 
“Pasture  of  the  sea,”  802 
Path,  of  light  in  eye,  644;  of  nerve  impulse  in 
retina,  645;  of  water  in  leaf,  340;  of  water 
in  root,  341 

Pathogenic  bacteria,  220 
Pawpaw,  760 

Pea,  316,  318;  plant  cross,  723 

Peach,  316 

Pear,  316 

Peat,  363 

Pebrine,  237 

Pecton^  798 

Pectoral  girdle  of  frog,  533 

Pedal  ganglion  of  mussel,  502 

Pedicellariae  of  starfish,  498 

PediculuSy  486 

Peduncle,  309 

Peiping,  893 

Peking,  893;  man,  893 

Pelecypoda,  75;  fossil,  825 

Pelicans,  82 

Pellagra,  558,  560 

Pellicle,  Euf^lena,  375;  Pnramecium,  380 
Pelvic,  bone  of  man,  661;  girdle  of  frog, 
534;  vein  of  frog,  602 
Pelvis,  537;  of  kidney,  584;  of  man,  534 
Penguins,  82 

Penicillin,  211,  250,  364,  365 
Penicillium,  211,  250,  365 
Penis,  bee,  469;  fluke,  407;  grasshopper, 
461;  man,  661;  Planar ia,  404 
Pennsylvanian,  817,  822 
Pentadactyl,  80 
Pentamerous  flowers,  311 
Penthestes,  81 
Pepsin,  562,  563 
Peptide-linkage,  167 
Peptides,  166;  synthesis  of,  166 
Peptones,  166,  563 
Perea,  781 

Perch,  80,  781;  yellow,  781 
Perching  birds,  82 
Perennial  herbs,  296 
Perianth,  flower,  297 

Pericardial,  cavity,  540;  cavity  of  frog,  603, 
681;  cavity  of  mussel,  501;  sac,  540;  sinus 
of  crayfish,  449 
Pericardium,  mussel,  502 
Pericarp  of  fruit,  317 
Perichondrium,  528 

Pericycle,  324,  326;  parenchyma  of  stem, 
330;  of  root,  323 
Perigynous,  flower,  313 
Perilymph  of  frog,  646 
Period,  geological,  815 
Periosteum,  528 
Perisarc  of  Obelia,  392,  393 
Perissodactyla,  523 


Peristalsis,  561 

Peritoneal  cavity,  540 

Peritoneum,  540,  549;  earthworm,  430 

Peritonitis,  365 

Periwinkle,  789 

Permeability  of  membranes,  176 

Permian  period,  817,  822,  823 

Peromyscus,  765 

Peroncus  muscle,  538 

Pcronosporalcs,  209 

Persia,  905 

Perspiration,  585 

Peru,  410 

Pestilence,  24 

Pests,  insect,  485 

Petal  of  flower,  297,  298,  302 

Petiole  of  leaf,  294,  295,  333 

Petrels,  82 

Peiri  dishes,  224 

Petrifaction,  809 

Peiromyzon,  514 

Pewee,  wood,  767 

Phaeophyccae,  203-206 

Phagocytes,  244,  588 

Phalanges  of  frog,  536;  man,  535 

Plumerogamic  botany,  1 1 

Pharmacology',  363 

Pharmacopoeia,  363 

Pharyngeal  gill  chamber  of  Hemichorda,  512 
Pharynx,  546;  Ascaris,  420;  bee,  466;  dog¬ 
fish,  594,  595;  earthworm,  428,  431;  frog, 
544,  548;  man,  551,  577;  Planaria,  404; 
rotifer,  495 
Phase,  168 
Pheasants,  82 
Phellogen,  329 
Phenotype,  724,  728 
Philippines,  410 
Philodina,  495 

Phloem,  325,  327,  331;  primary,  329,  331; 
ray  of  stem,  330;  of  root,  323,  326;  sec¬ 
ondary,  329;  of  stem,  328,  329 
Phlox,  family,  69 
Pholidota,  523 
Phosphocreatine,  567 
Phosphoproteins,  168 
Phosphoric  acid,  567 
Phosphorus,  117,  129,  130,  155,  557 
Photosynthesis,  29,  30,  158,  187,  188,  295, 
344-346;  conditions  for,  345;  efficiency  of, 
345;  Euglena,  376;  raw  materials  for,  344; 
respiration  compared  with,  346 
Phototropism,  347 
Phthirius,  486 
Phycomycetes,  206-209 
Phyla,  62,  70 

Phylogenetic  tree  of  Insecta,  488 
Phylum,  54 

Physalia,  polymorphic  hydrozoan,  395,  396 
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Physical  basis  of  heredity,  698-714 
Physicochemical  system,  168 
Physiological  activities  of  plant,  350,  351 
Physiology,  11,  19,  90;  comparative,  evi¬ 
dence  for  evolution,  849-852;  founding  of, 
17;  plant,  338-351 
Phytophaga,  487 
Picea,  361 

Pickerel- weed,  776,  777 
Pig,  408,  410,  413,  419,  422,  523;  embryos, 
851 

Pigeon,  82,  647 
Pileus,  mushroom,  215 
Filtdown,  895;  skull,  891 
Pine,  68,  283-292,  361;  antheridial  nucleus, 
290;  archegonia,  288;  body  cell,  289;  body 
nucleus,  290;  carpellate  cone,  286,  287; 
cones,  284;  cotyledon,  291;  egg  cell,  288; 
embryo,  291,  292;  endosperm,  291;  epi- 
cotyl,  291;  female  gametophyte,  287; 
fertilization,  288,  290;  generative  cell, 
288,  289;  generative  nucleus,  290;  hypo- 
cotyl,  291;  integument,  291;  male  game¬ 
tophyte,  288,  289;  megasporophyll,  286; 
microsporangium,  285;  microspore,  285, 
289;  microsporophylls,  285;  neck  cell,  288; 
needles,  284;  nucellus,  291;  nucleus  of 
microsporc,  290;  ovule,  287,  288;  pollen 
chamber,  289;  pollination,  289;  seed,  290- 
292;  sperm  nuclei,  290;  sporophyte,  284; 
stalk  cell,  289;  stalk  nucleus,  290;  stamens, 
285;  staininatc  cones,  285;  strobilus,  284; 
tube  cell,  288,  289;  tube  nucleus,  290; 
vegetative  cell,  289;  vegetative  nucleus, 
290 

Pineal  body,  frog,  681;  man,  545,  631 
Pineapple,  315 
Pinna,  car,  648;  fern,  265 
Pinni[K!dia,  521 
Ptnus,  289,  361 
Pistil,  flower,  298,  300,  302 
I’istillatc,  312 
I'i.sum  satiinwi,  102 
Pith,  rays,  329;  in  stem,  328,  329 
Pilhr.cnnlhrofms^  892,  893  895;  cranial  ca- 
f)arily,  894;  craniinn,  894;  skull,  891,  894 
I'ilorin,  655,  657 
Pitressin,  655,  657 
I’ifled,  iraeheid,  324;  vessels,  325 
Pituitary  body,  651,  656,  657;  endocrine 
function  of,  654;  of  frog,  629,  682;  of  man, 
545,  631 
I'lliiopliisy  773 

Pf'K  riita,  of  flower,  299;  of  mammal,  519, 
667,  668,  694,  695;  of  man,  695 
PIa( ciital  mammals,  5 1  9 

PI, i(  (  Illation  of  flower,  axial,  313;  central, 
')!  pai  ielal,  31  3 
I’laiMic,  243,  246 


Plaice,  800 

Planaria,  72,  403,  404;  excretory  system,  404; 
flame  cell,  405;  gastrovascular  cavity,  404; 
genital  pore,  404;  nerve  cord,  404;  ovary, 
404;  oviduct,  404;  penis,  404;  pharynx, 
404;  regeneration,  405;  seminal  receptacle, 
404;  seminal  vesicle,  404;  sexual  repro¬ 
duction,  405;  testes,  404;  transverse 
fission,  405;  vagina,  404;  vas  deferens, 
404;  yolk  glands,  404 

Planarian,  72,  403-406,  783;  chromosome 
number,  708;  parenchyma,  406 
Planarians,  73 

Plankton,  202,  784;  marine,  801;  fresh-water, 
778 

Plant-animal  community,  757 
Plant,  cells,  100;  conduction  through,  341- 
343;  green,  30;  herbaceous,  336;  hormones, 
349;  and  its  environment,  347-349;  land, 
277,  820;  lice,  78,  482;  physiological 
activities  of,  350,  351;  physiology,  338- 
351;  products,  361-363 
Plantain,  310 

Plants,  cellular  structure  of,  64;  classification 
of,  52;  contrasted  with  animals,  63;  cul¬ 
tivated  in  solutions,  339,  340;  cultivation 
of,  353,  354;  dependent,  217;  digestion  in, 
346;  economic  importance  of,  353-365; 
energy  relations  of,  64;  evolution  of,  56, 
64;  food  relations  of,  64;  fungus  diseases 
of,  361;  independent,  217;  land,  253; 
leguminous,  230;  medicinal,  363-365; 
meiosis,  706;  organization  of,  64;  seed, 
283-351;  thallus,  65,  195-219;  used  for 
food,  354-361;  uses  of,  354 
Planula,  of  sea  anemone,  398 
Plasm,  germ,  735 

Plasma,  administration  of,  593;  of  blood, 
588,  589,  593;  blood,  composition  of, 
590;  of  earthworm,  432;  membrane,  95, 
96,  100,  101,  178,  180-183,  568;  membrane 
of  amoeba,  369;  membrane  of  Spirogyra, 
28 

Plasmagel  of  amoeba,  369,  370 
Plasmalcmma  of  amoeba,  370 
Plasmasol  of  amoeba,  369,  370 
Plasmodium,  386;  gametocytes,  386;  mero- 
zoites,  386,  387;  oocyst,  387;  ookinete,  387; 
ova,  387;  spermatozoa,  387;  sporoblasts, 
387;  sporozoites,  387;  trophozoite,  386, 
387 

Plastid,  95,  97,  100,  103 
Plate,  cell.  111;  equatorial,  110 
Platelets,  blood,  588 
Platyhelminlhes,  72,  403,  415,  491 
Platyrrhini,  883 
Plecoptcra,  488 

Pleistocene,  816,  832,  833,  888,  890;  mam* 
ni.'jls,  833 
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Pleopods  of  crayfish,  446;  of  lobster,  443 
Plesiosaur,  827 

Pleura  of  bee,  462;  of  crayfish,  443,  444;  of 
man,  578 

Pleural  cavities,  541 
Pleurobranchia  of  crayfish,  449 
Plexus,  lumbosacral  plexus,  624 
Pliocene  epoch,  816,  831,  833,  899 
Plum,  316,  317,  488;  ground,  770 
Plumule  in  seed,  305,  314,  316 
Pneuma,  17 
Pneumococcus^  223 
Pneumonia,  243,  250,  365 
Podobranchia  of  crayfish,  449 
Podophyllum^  758 

Point  of  attachment  of  chromosome,  110 
Poison  sac  of  bee,  470 

Polar,  body,  692,  702,  703;  capw,  110;  com¬ 
pounds,  134,  135;  granules  of  bacteria, 
221 

Polarized  molecule,  164 
Poliomyelitis,  243 

Pollen,  basket  of  bee,  463,  464;  bnish  of  bee, 
463,  464;  chamber  of  pine,  289;  col¬ 
lecting  of  bee,  464;  comb  of  bee,  462,  463, 
464;  compressor  of  bee,  462,  463,  464; 
grains,  283,  284,  298;  sacs  of  bee,  297; 
storing,  479;  tube.  301,  302 
Pollination,  flowering  plant,  302;  insect, 
313;  pine,  289 
Polycarpous,  299 
Polychaeta,  438,  797 
Polycotyledonous  seed,  314 
Polygyra^  74 
Polymerization,  187 

Polymorphic,  ants,  481;  hydrozoan,  Physalia, 
395,  396 

Polymorphism,  ants,  482 
Polymorphonuclear  leucoc>'tes,  589 
Polypeptide,  167 
Polyploidy,  735 
Polypodium,  264,  265,  266 
Polyps,  71;  Obelia,  392-395 
Polysaccharide,  160 
Polysiphonia,  206 
Pome,  316 

Pond,  life,  776;  life,  adaptations  to,  777; 

community,  784;  insects,  782,  783 
Pongo,  886 

Pons,  Varolii  of  man,  545,  625,  631,  632 
Pontederia,  776 

Pontine  flexure  of  brain,  630,  631 
Popcorn,  357 
Poppy,  317,  363 

Population,  842,  867;  genes  in  a,  872;  mu¬ 
tations  in  a,  875;  selection  in  a,  876 
Porcupine,  85,  523 
Pores  of  sponge,  494 
Porifera,  70,  71,  493;  fossil,  821 


Pork,  423;  tap>eworm,  410,  414 
Porp>oise,  524 

Portal  of  entry  of  bacteria,  239 
Porthetria,  487 

Postcardinal  vein  of  dogfish,  595,  596 
Postcava  of  frog,  541 

Posterior,  chamber  of  eye,  642;  ciioroid 
plexus,  632 

Posterior  mesenteric  artery  of  frog,  600 
Postulates,  Koch’s,  for  bacteria,  238;  La¬ 
marck’s,  for  evolution,  861 
Potassium,  117,  129,  130,  557;  ion,  139 
Potato,  424;  beetle,  488;  sweet,  488 
Potatoes,  360;  555 

Potential,  chemical  energy,  147;  energy,  123, 
124 

Pottery,  906 

Pouch  of  marsupials,  519;  of  Mctathcria,  519 

Powdery  mildews,  209 

Prairie,  chicken.  772,  773;  dog,  771,  772; 

life  on  a,  769-775;  wolf,  775 
PravsTis,  453 
Praying  mantis,  488 
Prccardinad  veins  of  dogfish,  595,  596 
Prccava,  frog,  602;  man,  608 
Prccipitins,  244;  as  evidence  for  evolution, 
851,  852 

Prediction  in  science,  12 
Pregnancy,  667;  test  for,  668;  uterus  in,  695 
Prehistoric  man,  888-908 
Premolar  teeth,  546 
Preparation  of  antitoxin,  246 
Prepuce,  man,  661 
Prescrv’ation  of  food,  234,  235 
Prcscrv'ative  substances,  235 
Pressure,  osmotic,  339;  root,  343;  as  stimulus, 
46 

Primary,  endospenn  nucleus,  300;  phloem, 
329,  330;  root,  295;  tissues,  322,  326; 
xylem,  329,  330 
Primate  relationships,  886 
Primates,  521,  882;  fossil,  887;  origin  of,  887 
Primitive  mammals,  832 
Primordial  germ  cells,  699,  703 
Primrose,  Caucasian,  868;  family,  69 
Primula,  acaulis,  863;  Juliae,  868 
Principle,  of  dominance,  729;  of  evolution, 
5,  9;  of  nature,  5;  of  recessiveness,  729 
Principles,  biological,  388 
Prionotus,  800 
Probability  curve,  719 
Problems,  biological,  415 
Probd^cidea,  523,  832 

Proboscis,  bee,  462,  463;  Dolichoglossus,  510; 

elephant,  524;  Hemichorda,  512 
Procambium,  329;  stem,  330 
Proctodaeum,  development  of,  684 
Products,  plant,  361-363 
Proechidna,  518 
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Progametes,  Rhizopus^  208 
Progestin,  655,  666 
Proglottids,  tapeworm,  411 
Prolactin,  654,  657 
Prolamines,  168 
Promeristem,  329,  330 
Pronephric  duct,  687 
Pronephros,  685,  687 
Propane,  152 
Propene,  154 
Prophase,  108,  109 
Propodite  of  crayfish,  445 
Propyne,  154 
Prosecretin,  562 
Prosopyles  of  sponge,  494 
Prostate  gland,  fluke,  407;  man,  661,  663 
Prostomium  of  earthworm,  427,  428 
Prostrate,  stem,  296 
Protective  coloration,  872 
Protein,  166,  182,  555;  metabolism,  569,  570; 
molecules,  184 

Proteins,  98,  165,  180,  181,  189,  346,  556, 
563,  570,  571;  classification  of,  168;  con¬ 
jugated,  168;  decomposition,  228;  de¬ 
rived,  168;  elements  in,  165;  hydrolysis  of, 
165;  kinds  of,  167;  simple,  168;  synthesis 
of,  188 

Proteoses,  166 
Proterozoic,  815,  817 
Prothallium,  fern,  267 

Prothorax,  ^e,  463;  grasshoppx:r,  454,  456, 
457 

Prothrombin,  561;  factor,  559 
Protochorda,  512 
Protochordates,  511 
Protococcus,  200,  201 
Protoderm,  329,  330 
Protoncma  of  moss,  261 
Protons,  126 

Protoplasm,  27,  87,  89,  96,  101,  118,  144, 
569;  alveolar  theory  of,  184;  elements  in, 
117,  118;  fabrular  theory  of,  184;  fixation 
of,  94;  granular  theory  of,  184;  organic 
compounds  in,  157;  staining  of,  94;  struc¬ 
ture  of,  183-185 
Protop)lasmic  pjrocess,  105 
Protoplast,  95,  100;  Spirofiyra^  28 
Protopodife  of  crayfish,  443,  444 
I*rntnf)U'rus,  5 1  5 
Protothcria,  82,  83,  518 
Protozoa,  22,  70,  369-389,  491 ;  death,  389; 

p)arasi(isin,  389 
FVotoz(K)logy,  1 1 
Protractor  muscle  of  mussel,  501 
Provrntriculus,  bcc,  465,  466;  grasshoj^per, 
459 

Provitamins,  560 

Proximal,  tubule.,  kidney,  584,  585 
Psctidoccel,  A.%c.aris^  419 


Pseudopodia,  70;  of  amoeba,  370 

Pseudotsuga,  361 

Psocoptera,  488 

Pteranodon^  826,  827 

Pteridophyta,  67,  309;  fossil,  824 

Pterodactyl,  517 

Pterosaur,  826,  827 

Ptomaines,  228,  235 

Ptyalin,  561,  563 

Puberty,  664,  665 

Pubis  of  frog,  534 

Public  health,  24 

Puccinia,  213 

Puff-ball,  214,  216,  761,  762 
Pidex,  486,  587 

Pulmocutaneous  arch  of  frog,  599,  600,  604 
Pulmonary,  artery  of  frog,  599,  600;  artery 
of  mammal,  610;  artery  of  man,  578,  607, 
610;  artery  of  tadpole,  598;  circulation,  18; 
circulation  of  frog,  605;  pleura,  578;  vein, 
611;  vein  of  frog,  599;  vein  of  man,  578, 
609,  610;  vein  of  tadpole,  598 
Pulp  cavity  of  tooth,  546,  547 
Pulse,  of  blood,  612;  of  life,  835 
Pulvillus,  grasshopper,  457 
Puma,  520 

Punitive  theory  of  disease,  236 
Pupal  stage,  473 
Pupil  of  eye,  641,  642,  643 
Pure  culture  of  bacteria,  226 
Purkinje  cell,  106 
Putrefaction,  228 

Pyloric,  caeca  of  starfish,  499;  constriction  of 
frog,  547;  portion,  stomach  of  man,  551, 
552;  valve  of  man,  551 
Pylorus  of  frog,  550 
Pyorrhea,  374 
Pyrausta,  487 

I^renoid,  103,  202;  Euglena,  375;  Sptrogyra,  29 
Pyridoxin,  558,  560 
Python,  849 

Quaternary  period,  816,  830,  833 
Queen,  ant,  481;  bee,  478,  479,  480,  481; 

termite,  483,  484 
Quercus,  361;  suber,  331 
Quince,  316 
Quinine,  250,  364,  388 

Rabbit,  85,  523;  egg,  blastodermic  vesicle, 
693;  egg,  development  of,  692,  693;  egg, 
inner  cell  mass,  693;  egg,  trophoblast 
layer,  693;  embryos,  851 
Rabbits  in  Australia,  802 
Rabies,  238,  245 
Race,  cradle  of  the  human,  887 
Raceme,  310 

Racemose  inflorescence,  310 
Races  of  men,  886 
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Rachilla,  355 
Rachis  of  wheat,  355 

Radial,  canals  of  Aurelia^  396;  symmetry  of 
starfish,  500 

Radiation,  adaptive,  826 
Radicle,  306;  in  seed,  314 
Radiolaria,  374,  818 
Radio-ulna  of  frog,  535 
Radish,  360 
Radius  of  man,  535 
Radula,  789 
Rafts,  906 

Ramus  of  spinal  nerve,  dorsal,  626;  ventral, 
626;  visceral,  626 

Rana,  527;  catesbiana,  11  pipiens,116;  see  also 
Frog 

Random  sample,  867 

Rat,  85,  523;  flea,  487;  house,  805;  Norway, 
805 

Ratitae,  81,  517 
Rats,  423 

Raw  materials  for  photosynthesis,  344 
Ray,  514;  starfish,  497;  stem,  328 
Ray-finned  fish,  515 
Rayon,  362 
Rays,  79 

Reabsorption  in  uriniferous  tubules,  586 
Reactions,  Paramecium^  381;  earthworms,  46 
Realms,  geographical,  803-805 
Reassortment  of  chromosomes,  280 
Recapitulation,  theory  of,  852 
Recent  epoch,  816,  833 
Receptacle,  of  flower,  297,  302;  o{  Marchardia^ 
255 

Recessive  character,  724 
Recessiveness,  principle  of,  729 
Rectal  gland  of  bee,  466 
Recti  muscles  of  eye,  642 
Rectum,  Ascaris,  420;  bee,  466;  dogfish,  595; 
frog,  548,  582;  grasshopper,  459;  man, 
551,  553;  mussel,  502 

Red,  algae,  206;  corpuscle,  92,  96,  106;  cur¬ 
rant,  310;  Sea,  195;  Skin,  906 
Redi,  Francesco,  48 

Redia,  Clonorchis,  410;  liver  fluke,  407,  408 
Reduction,  chemical,  146,  147,  148;  of 
chromosomes,  280 
Redwood,  283 

Reflex,  arc,  627;  arc  in  earthworm,  435; 
conditioned,  635-637;  conditioned,  sal¬ 
ivary,  635-637;  learned,  635;  natural, 
635;  nervous,  632;  nervous  of  wasp,  476; 
spinal,  627 

Regeneration,  Planaria^  405 
Regular  flowers,  311 
Reindeer  Age,  903  .  , 

Remora,  802 

Renal,  artery  of  man,  607;  arteries  of  dog¬ 
fish,  595,  596;  capsule  of  frog,  582;- cor¬ 


puscle,  582;  portal  vein  of  frog,  602;  vein 
of  frog,  602;  vein  of  man,  609 
Rennet,  159 
Rcnnin,  562,  563 

Rcno-pcricardial  opening  of  mussel,  502 
Reptile,  gills,  517;  scales,  517 
Reptiles,  80,  517;  see  also  Reptilia 
Reptilia,  80,  81,  516;  fossil,  823,  826 
Reproduction,  49,  659-669;  asexual,  49,  417, 
673;  of  parasites,  417;  sexual,  49,  673 
Reproductive  organs,  Ascaris^  422;  bee,  469, 
470;  crayfish,  452;  development  of,  687; 
earthworm,  435;  frog,  660;  human  female, 
663;  human  male,  661;  starfish,  499;  tape¬ 
worm,  412 
Reserve  food,  346 
Reservoir  of  Euglena,  375,  376 
Residual  air  in  lungs,  580 
Resin,  362 

Resistance  to  disease,  244-246 
Respiration,  189,  346,  590;  amoeba,  372; 
compared  with  photosynthesis,  346;  ex¬ 
ternal,  577;  frog,  575;  Hydra,  37;  internal, 
577;  Spirogyra,  30 

Respirators',  adaptations,  43;  center,  579, 
669;  movements  of  frog,  576;  move¬ 
ments  of  grasshopper,  460;  system  of  bee, 
467;  system  of  crayfish,  450;  system,  de¬ 
velopment  of,  684;  system  of  frog,  575, 
576;  system  of  grasshopper,  459;  system  of 
man,  577,  578;  system  of  vertebrate,  508, 
509 

Response,  to  stimulus,  47;  to  environment,  42 
Resting  stage  of  nucleus,  99,  107 
Results  of  mciosis,  706 
Reticulum  of  nucleus,  100 
Retina,  645;  development  of,  683;  human, 
643;  path  of  nerve  impulse  in,  645 
Retractor  muscle  of  mussel,  501 
Retting  of  flax,  236,  362 
Reversible  systems,  175 
Rhea,  82 

Rhinoceros,  85,  523,  902 
Rhizobium,  229,  231 

Rhizoids,  fern,  268;  Mcrchantia,  254;  moss, 
256,  261 

Rhizome,  fern,  264,  265,  270 
Rhizopus,  206-209;  columella,  207;  gametes, 
208;  mycellium,  206,  208;  progametes, 
208;  sexual  reproduction,  208;  sporan- 
giophore,  207,  208;  sporangium,  207,  208; 
spores,  207;  strains,  208;  suspensor,  208 
Rhodophyceae,  206 
Rhubarb,  359 
Riboflavin,  557,  559 
Ribs,  man,  532 
Riccia,  256 
Rice,  317,  358 

Ring,  canal  of  Aurelia,  396;  compounds,  153 
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Rings,  annual,  330 
Robins,  82 

Rocks,  age  of,  815;  group  of,  815;  sedimen¬ 
tary  formation  of,  812;  system  of,  815 
Rockweed,  66,  785,  788;  see  also  Fucus 
Rod  cell,  eye,  643,  645 
Rodentia,  523  .  , 

Root,  320-327,  339;  cambium  of,  326;  cell 
differentiation  in,  322;  cortex,  323;  differ¬ 
entiation  of,  321;  embryonic  region,  321; 
endodermis,  323,  326;  epidermis,  320,  322, 
323,  339;  hair,  320—323,  339;  mature 
region,  322;  parenchyma,  323,  326;  path 
of  water  in,  341;  pericycle,  323;  phloem, 
323,  326;  pressure,  342;  primary,  295; 
secondary,  295;  tip,  102,  320-322;  of 
tooth,  546;  xylem,  323,  326 
Rootcap,  321 

Roots,  as  food,  360;  tubercles  of,  229 
Roquefort  cheese,  211 
Rose  family,  68,  69 
Rosewood,  361 
Rostellum,  tapeworm,  411 
Rostrum,  crayfish,  445;  lobster,  443 
Rotation  of  crops,  230,  356 
Rotifer,  73,  783;  eggs,  496;  mastix,  496; 
mouth,  495;  parthenogenesis,  496;  phar¬ 
ynx,  495 

Rotifera,  73,  74,  495,  783,  784,  791 
Roundworm,  74,  419-425,  783;  chromosome 
number,  708 
Royal  jelly,  bee,  480 
Rubber,  361;  tree,  361 
Rununculus,  297 
Rust,  wheat,  213 
Rusts,  213,  214 
Rye,  357 

Sac,  embryo,  300;  pericardial,  540;  pcilcn, 
297 

Saccharose,  159 

Sacculus,  car  of  frog,  646 

Saclike  animals,  391-401 

Sacral  vertebra,  frog,  532;  man,  532 

Sacrum  of  man,  532 

Sai^arlia,  71 

Sage,  313 

Sagebrush,  zone,  806 
Sagittal  s('ction  of  tadpole,  681 
Sail  fish,  79,  80,  515 

Salamander,  80,  516,  762,  774;  embryos,  850 
Saliva,  561 

Salivary,  enzymes,  561,  562;  gland,  563,  636; 
gland  (>f  bee,  466,  467;  gland,  ehromo- 
scmies,  709;  gland  of  grasshojjper,  459; 
gland  of  man,  550;  rcilex,  conditioned, 
635  637 

Salivatory  mu  lens,  636 
Salmon,  80 


Salmonella,  223,  242 
Salt,  144 

Salts,  140;  absorption  of  inorganic,  339;  in 
ocean,  120 
Salversan,  250 
Samara,  317 
Sample,  random,  867 
Sandpiper,  82,  780 
Sandy  beach,  life  on,  791,  792 
Sap,  cell,  101 
Saprolegniales,  209 
Saprophyte,  217 
Saprophytic  bacteria,  220 
Saprophytism,  Fungi,  217 
Sarcina,  221,  222 
Sarcodina,  369-376 
Sarcolemma,  539 
Sassafras,  760 
Satinwood,  361 
Saturated  solution,  136 
Sauropod,  824,  826 
Savoy  cabbage,  358 
Scale  leaves,  296;  tree,  822 
Scales,  79,  80;  fish,  514;  reptile,  517 
Scallop,  797,  798 
Scalopus,  520 

Scapula,  frog,  533;  man,  533 
Scarlet  fever,  239,  243,  245,  246 
Schistosoma,  410 
Schizomycetes,  220-251 
Schleiden,  Jakob,  88 
School  children,  height,  744 
Schwann,  Theodor,  88,  89 
Sciatic,  artery  of  frog,  600;  nerve  of  frog, 
624;  vein  of  frog,  602 

Science,  analytical  view  of,  12;  content  of, 
10;  and  emotion,  11;  limitation  of,  12; 
objective  attitude,  1 1 ;  practical  work  in, 
8;  and  prejudice,  11;  scope  of,  10 
Sciences,  biological,  10;  classification  of,  10; 
descriptive,  5;  experimental,  5;  inorganic, 
10;  natural,  10;  method  of,  3;  method, 
application  of,  13;  method  applied  to 
biology,  3;  method,  example  of,  4 
Sciunis,  765 

Sclerotic,  coat  of  eye,  642,  643 
Scolcx  of  tapeworm,  411 
Scorpion  fly,  488 
Scorpions,  442 
Scrotum  of  man,  661 
Scud,  782 

Sculpture  of  early  man,  904 
Scum,  pond,  27-32 

Scyphozoa,  396,  397;  strobilization,  397 
Sea  anemone,  71,  72,  397;  acontia,  398; 
gonads,  398;  gullet,  397,  398;  mesenteric 
filaments,  398;  mesenteries,  398;  ostia,  398; 
planula,  398;  siphonoglyphs,  398;  tentacle, 
398 
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Sea,  cow,  524;  cucumber,  75;  deep,  nourish¬ 
ment  in,  802;  gull,  517;  lettuce,  66,  203; 
life,  784-802;  lily,  75;  lily,  fossil,  821;  lion, 
521;  mouse,  438;  robin,  800;  squirt,  512, 
791,  set  also  Urochorda;  urchin,  74,  75, 
789,  790 
Seal,  83,  521 

Seashore,  life  on,  785-797 
Sea-snail,  purple,  787,  788 
Seta/e,  357 

Secondary  meristem,  327 
Secondary,  phloem,  329,  330;  roots,  295; 
sexual  characters  in  man,  665;  tissues, 
326;  xylem,  329,  330 
Secretin,  562,  650,  654 

Secretions,  endocrine,  654,  655;  internal,  650 
Section,  optical,  101 
Sections,  microscopic,  94;  frozen,  94 
Sedimentary'  rock,  813;  formation  of,  812 
Sedimentation  tanks,  233 
Seed,  68,  283,  304,  306;  coat,  304,  305; 
coleoptilc,  314;  cotyledon,  314;  dicotyle¬ 
don,  305,  314;  embry'o  in,  304;  cndosp»crm, 
304,  314;  female  gametophyte  in,  304;  of 
flowering  plant,  303;  germination,  305, 
306;  monocotyledon,  314;  nuclei  in  tissues 
of,  304;  pine,  290-292;  plants,  68,  283- 
351;  plumule,  314;  polycotyledonous,  314; 
radicle,  314 

Seeds,  314,  315,  355-358 

Segmentation,  see  Cleavage 

Segmented,  worm,  structural  type  of,  53; 

worms,  76,  426-440 
Segregation  in  heredity,  723,  730 
Seine,  23 

Selaginella,  272-275;  archegonium,  273,  274; 
cones,  272;  embryo,  274;  fertilization, 
273;  gametophyte,  273,  274;  heterospory’, 
272;  life  cycle,  275;  megasp)orangia,  273; 
megaspores,  273;  microsp)orangia,  273; 
microspores,  272;  sp>crm,  273;  suspensor, 
274 

Selection,  870-872;  artificial,  870;  coefficient, 
877;  natural,  870;  natural,  Darw-in’s 
theory  of,  863,  864;  in  a  population  of, 
876;  sexual,  871 
Self-pollinated,  313 
Semen,  666 

Semicircular  canals  of  ear,  646-648 
Semilunar  valves,  heart  of  dogfish,  598; 

heart  of  frog,  604;  of  mammal,  611 
Seminal,  groove  of  earthworm,  436;  re¬ 
ceptacle  of  Clonorchis,  409;  receptacle  of 
grasshopp)er,  461;  receptacle  of  Planaria, 
404;  receptacles  of  crayfish,  452;  recef>- 
tacles  of  earthworm,  428,  436;  vesicle  of 
Ascaris,  422;  vesicle  of  bee,  469;  vesicle  of 
Clonorchis,  409;  vesicle  of  earthworm,  428, 
436;  vesicle  of  fluke,  407;  vesicle  of  frog. 


659;  vesicle  of  man,  661,  663;  vesicle  of 
Planaria,  404 

Seminiferous  tubule  of  man,  662,  700 
Sense  organs,  640-649;  Aurelia,  397;  bee, 
468;  development,  682,  683;  earthworm, 
435;  grasshoppxrr,  460 

Sensory,  cell,  641;  fibers,  earthworm,  434; 
neuron,  620 

Sepal  of  flower,  297,  302 
Septa,  earthworm,  429 
Septic  sore  throat,  243 
Serial  homology,  474,  475,  536 
Serosa  of  intestine  of  frog,  549 
Serum,  blood,  591 
Servetus,  Michael,  17 
Seta,  earthworm,  427,  430;  moss,  259 
Sewage,  232;  disposal,  233 
Sex,  chromosomes,  712;  determination,  712; 
evolution,  200 

Sex-linked  characters,  731-733 
Sexual,  characters,  secondary  of  man,  665; 
organs  of  Funaria,  258;  organs  of  moss, 
257,  258;  process,  50;  process  in  Para¬ 
mecium,  383;  reproduction,  49,  673;  repro¬ 
duction  in  Hydra,  38;  reproduction  in 
Marchantia,  255;  reproduction  in  moss, 
257;  reproduction  in  Oedogonium,  199;  re¬ 
production  in  Planaria,  405;  reproduction 
in  Rhtzopus,  208;  reproduedon  in  Spirogyra, 
31 ;  selccdon,  871 
Shank,  frog,  526 
Sharing  electrons,  132 
Shark,  514,  820;  fossil,  829 
Sharks,  79 
Sharksuckcr,  802 
Sheath,  muscle,  539 
Sheep,  415,  523;  liver  fluke  of,  406 
Shelf  fungi,  216,  762 

Shell,  electron,  126,  129;  gland  of  tapeworm, 
412;  lamp,  497;  membrane  of  hen’s  egg, 
689 

Shellfish  industry,  23 
Shoot,  294 
Shore,  rocky,  786 
Shrimp,  76,  453,  792 
Shrubs,  295 
Siam,  410,  424 

Sieve,  plates,  102;  tube,  1C2,  103,  325 

Sigmoid,  colon,  551;  flexure  of  colon,  553 

Signatures,  doctrine  of,  363 

Silica,  202 

Silicon,  117,  557 

Silk,  237 

Silkworm,  484;  disease,  237 
Silurian  period,  819,  820 
Silverfish,  488 
Silver  shell,  789 
Simia,  884 
Simiidae,  884,  886 
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Simple,  cross,  720,  725;  fission,  201;  fruit, 
315;  vertebrate,  circulation,  594 
Sinanthropus^  892,  893-895;  skull,  891,  894 
Sinuauricular  aperture,  dogfish,  598;  frog,  604 
Sinus,  frontal,  547;  maxillary,  547;  sphe¬ 
noidal,  547;  venosus  of  dogfish,  595,  596, 
598;  venosus  of  frog,  599,  602,  604 
Sinuses,  air,  547 
Siphonaptera,  488 
Siphonoglyphs  of  sea  anemone,  398 
Siphons  of  mussel,  501,  502 
Sirenia,  524 
Size  of  bacteria,  220 
Sizes  of  things,  120 

Skeleton,  frog,  528-536;  man,  528-536; 

vertebrate,  507,  509,  528 
Skin  of  frog,  541,  575,  680 
Skink,  764 

Skull,  frog,  529,  530;  functions  of,  531;  man, 
530;  man  compared  to  gorilla,  885 
Skulls  of  fossil  men,  891 
Skunk,  83,  520 
Slave-making  ants,  482 
Sleeping  sickness,  379 
Slipp)cr  animcilculc,  379 
Sloth,  85,  522,  523;  ground,  834 
Slug,  75,  849 

Smallpox,  245,  246,  249,  485 
Smell,  47 

Smooth  muscle,  105 
Smuts,  213,  361 

Snail,  75,  410,  853;  fresh  water,  783;  sand- 
collar,  792,  793 

Snake,  774;  bull,  773,  774;  fossil,  829;  water, 
780 

Snakes,  81,  517 

Snap<lragon,  735;  l)ackrross,  725;  cross,  721; 
family,  69 

Social,  life  of  licr,  478-480;  life  of  insects, 
476;  organization  of  bumblebee,  478; 
system  of  termites,  483;  wasjis,  475,  477 
Society,  heredity  and,  743-745 
Societies,  insect,  477 

Soflittm,  117,  129,  130,  557;  acid  carlxmate, 
144;  l)irarlK)nate,  144;  clilorid(',  134; 
hydroxide,  140;  ion,  139;  phosphat<*,  150 
S()ft-8helled  crabs,  453 
SoftWfKxl,  361 

Soil,  1  18,  339,  754;  bacteria,  228;  earth¬ 
worms,  action  on,  437;  water,  119,  339, 
754 

Soldier,  ant,  481;  termite,  483 
Sole,  800 
Solid,  125 

Solitary  wasjw,  475,  476,  477 

Solo  Kiver,  890 

Sols,  175 

Sohibdity,  136 

Solute.  1  36 
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Solution,  135,  144;  dilute,  136;  kinds  of,  135 
Solutions,  plants  cultivated  in,  339,  340 
Solutrean,  culture,  892,  904;  flint  imple¬ 
ments,  904 
Solvent,  136 

Soma  cells,  703;  see  also  Somatic  cells 
Somatic,  cells,  388,  698;  layer  of  mesoderm, 
686 

Somatotropic  hormone,  654,  657 

Sori  of  fern,  265 

Sound  as  stimulus,  46 

Souring  of  milk,  227,  236 

South  America,  415,  424 

Sow  bug,  762,  763 

Spadix,  310 

Sparrows,  82 

Spathe,  310 

Speargrass,  770 

Specialization,  90 

Species,  58,  60,  61;  characters  of,  61;  con¬ 
cept,  866;  definition  of,  61,  847;  differ¬ 
ences  due  to  mutations,  868;  dominant, 
757;  intergrading,  847;  variation  within, 
867 

Speech,  895 
Speotyto,  772 

Sperm,  duct  of  crayfish,  445;  funnels,  earth¬ 
worm,  428;  human,  674,  700;  nuclei,  301; 
nuclei,  pine,  290;  nucleus  of  flowering 
plant,  302;  Selagtnella,  273 
Spcrmatheca,  b>ee,  470,  481 
Spermatic  cord  of  man,  663 
Spermatid,  700,  701,  703,  705 
Spermatocyte,  700,  701,  703,  70S 
Spermatogenesis,  700,  701,  703;  animal,  704 
Spermatogonia,  699,  700,  703 
Spermatophyta,  67,  68,  69,  283-351 
Spermatozoa,  22;  bee,  481;  cycads,  292; 
frog,  674;  Hydra,  38;  man,  666;  Plasmodium, 
387  ’ 

Spermatozoon,  673;  head,  673;  middle  piece, 
673;  tail,  673 
Sphagnales,  262 
Sphenoidal  sinus,  545,  547 
Spherical  aberration,  21 
Sphex,  476,  477 
Spicules  of  sponge,  495 
Spider,  783;  widow,  78 
Spiders,  78,  441,  442,  477 
Spiderwort,  771 
Spike,  310;  of  corn,  357 
Spikelct  of  wheat,  355 

Spinal,  accessory  nerve,  633;  cord,  621,  62z, 
623;  cord  of  Arnphioxus^  513;  cord,  central 
canal,  622;  cord,  correlation  neuron,  622; 
cord,  dorsal  funiculus,  622;  cord,  dorsal 
ganglion,  622;  cord,  dorsal  ramus,  622; 
cord,  dorsal  root,  622;  cord,  (.lorsal  septum, 
622;  coiil  of  frog,  080;  cord,  gray  matter, 
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622;  cord,  lateral  funiculus,  622;  cord  of 
man,  545;  cord,  ventral  fissure,  622;  cord, 
ventral  ramus,  622;  cord,  ventral  root, 
622;  cord,  visceral  ganglion,  622;  cord, 
white  matter,  622;  nerve,  623-627;  nerves 
of  frog,  624;  nerves  of  man,  625;  reflex,  627 
Spindle,  in  cell  division,  108,  109,  111;  cells, 
588;  fibers,  110 
Spines,  of  starfish,  499 
Spinning,  Neolithic,  906 
Spiracle,  bee,  462,  467;  dogfish,  595;  grass- 
hopp>cr,  454,  459 

Spiral,  course  of  Paramecium^  381;  tracheids, 
324;  vessels,  325 
Spirillaceae,  223 
Spirillum,  221,  223 
Spirochactales,  223 
Spirochactes,  223 

Spirogyra,  27-32,  38,  65,  200;  cell  division,  30; 
cell  sap,  28;  female  gamete,  31;  fertiliza¬ 
tion,  31;  male  gamete,  31;  plasma  mem¬ 
brane,  28;  protoplast,  28;  respiration,  30; 
sexual  reproduction,  31;  zygospore,  31; 
zygote,  31 

Spirometer,  579,  580 
Splanchnic  layer  of  mesoderm,  686 
Spleen,  613;  dogfish,  595;  frog,  548,  613; 
man,  613 

Splenic  vein  of  frog,  602 
Spjoiling  of  wines,  235 

Sponge,  70,  495,  818;  bath,  71;  canals,  494; 
chromosome  number,  708;  fossil,  821; 
gastral  cavity,  493;  osculum,  494;  pores, 
494;  spicule,  495 
Sponges,  71,  493,  791 
Spongin,  495 
Spongy  tissue  of  leaf,  335 
Spontaneous  generation,  48,  49 
Sporangia  of  fern,  265 
Sporangiophore  of  Rhtzopus,  207,  208 
Sporangium,  fern,  266,  267;  Rhizopus,  207, 
208 

Spore  formation,  279 
Spore-forming  tissue  of  moss,  260 
Spore  fruit  of  Ascomycete,  210 
Spores,  298;  of  bacteria,  222;  of  Rhizopus^ 
207;  tetrad,  266 
Sporoblasts  of  Plasmodium^  387 
Sporocyst,  Clonorchisy  410;  fluke,  407;  liver 
fluke,  408 

Sporophyll,  Equisetum^  271;  fern,  267 
Sporophyte,  66,  67,  277,  308;  differentiation, 
281;  of  fern,  267,  269,  270;  of  Marchantia^ 
255;  of  moss,  256,  259;  nuclei,  279;  of 
pine,  284;  in  seed,  304 
Sporozoa,  386-388 
Sporozoites  of  Plasmodium^  387 
Spread  of  disease,  241 
Sprouts,  Brussels,  358,  359 


Spruce,  283 
Squash,  316 
Squid,  799 

Squirrel,  85,  523;  gray,  764,  765;  ground, 
771,772 
Stable  fly,  488 
Staining  of  protoplasm,  94 
Stains,  vital,  94 

Stalk,  cell  of  pine,  289;  nucleus  of  pine,  290 
Stamen,  filament  of,  297,  298,  302 
Stamens,  multiplied,  312;  of  pine,  285 
Staminate,  312;  cones  of  pine,  285 
Stapes,  ear,  646,  648 
Staphylococcus,  221,  222,  250,  364 
Starch,  30,  98,  160,  561,  563,  566 
Starfish,  74,  75,  788,  789;  aboral  surface, 
497;  adambulacral  spine,  498;  ambulacral 
grooves,  498;  anus,  498,  499;  arm,  497; 
blastococl,  676;  blastop>ore,  676;  blastula, 
676;  cleavage,  675;  coelom,  499;  dermal 
branchiae,  498,  499;  development  of,  675- 
677;  disc,  497;  ectoderm,  499,  676;  endo- 
derm,  676;  enteron,  676;  feeding  of,  499; 
fossil,  821;  gastrula,  676;  germ  layers,  676; 
marginal  spine,  498;  mouth,  498,  499; 
nerve  cord,  499;  oral  surface,  497;  ossicles, 
498,  499;  jxrdicellariae,  498;  pyloric  caeca, 
499;  radial  symmetry,  500;  ray,  497;  re¬ 
productive  organs,  499;  spine,  499; 
stomach,  499;  structural  type,  53;  tube 
feet,  498;  water-vascular  system,  499 
Starlings,  82 

Stationary'  nuclei  of  Paramecium^  384 
Statistical  study  of  mutation,  872 
Statoblast  of  Bryozoa,  496 
Stearic  acid,  160,  161,  181 
Stearin,  161 

Stegocephalian,  820,  856 
Stegomyiay  485 
Stegosaur,  826 
Stele,  324 

Stem,  102,  294,  327-332;  alfalfa,  328;  birch, 
331;  cambium,  328,  329,  330;  corn,  332; 
cortex,  328,  329,  330;  cuticle,  328;  del¬ 
iquescent,  296;  dicotyledon,  328-332; 
elder,  330;  embryonic  region  of,  327; 
endodermis,  328;  epidermis,  328,  329,  330; 
excurrent,  296;  ground  meristem,  330; 
mechanical  tissue,  328,  329;  monocotyle¬ 
don,  332;  parenchyma,  328,  329;  peri- 
cyclic  fibers,  330;  pericycle  parenchyma, 
330;  phloem,  328,  329;  phloem  ray,  330; 
pith,  328,  329;  primary  phloem,  330; 
primary  xylem,  330;  procambium,  330; 
promeristem,  330;  protoderm,  330;  ray, 
328;  secondary  phloem,  330;  secondary 
xylem,  330;  sunflower,  329;  vascular 
bundle,  328,  329;  xylem,  328,  329;  xylem 
ray,  330 
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Stentor,  385 

Sterigma  of  mushroom,  215 
Sterilization,  224 

Sternum,  bee,  462;  crayfish,  443,  444;  frog, 
533;  grasshopper,  454,  455;  man,  532,  533 
Stigma,  flower,  298,  299,  302 
Stimulus,  45,  347;  chemical,  46;  of  light,  46; 
of  pressure,  46;  of  sound,  46;  of  tempera¬ 
ture,  46 

Sting  of  bee,  464,  470 
Stinging  cells,  71 
Stipe  of  mushroom,  214 
Stipules  of  leaf,  333 
Stolons  of  Rhizopus^  207 
Stoma,  leaf,  334 

Stomach,  of  bee,  466;  of  Brachiopoda,  497; 
of  Bryozoa,  496;  cardiac  portion,  552;  of 
crayfish,  445;  of  dogfish,  595;  of  frog,  547, 
548,  550;  of  grasshopper,  459;  greater 
curvature,  551;  lesser  curvature,  551;  of 
man,  551;  mucosa,  563;  of  mussel,  501, 
502;  pyloric  portion,  552;  of  starfish,  499; 
of  urochord,  512 
Stomata  of  leaf,  341 
Stomodaeum,  development  of,  684 
Stone  Age,  14 
Stone  flics,  78,  488 

Storage,  cold,  234;  of  food,  295;  honey,  479; 

pollen,  479 
Storks,  82 

Strains,  Rhizopus,  208 

Strata,  813;  identification  of,  814;  uncon¬ 
formity  of,  81  3 
Stratification,  81  3 
Strawberry,  315,  488 
Stream,  transpiration,  342 
Streptobacillus,  221,  222 
Streptococcus y  221,  222,  223,  228,  250 
Streptomyces,  365 
Streptomycin,  365 
Striated,  muscle,  539;  fibers,  105 
Striations  in  mtisele  fiber,  105,  106 
Strobili/ation,  Aurrlia,  397;  Scyphozoa,  397 
Strobiliis  of  pine,  284 
Strcmia  of  ovary,  703 

StriKtural,  dilfei entiation,  70;  formula  of 
ehemieal  compound,  152;  type,  52;  type 
{)f  Artlirojiods,  53;  tyjK*  of  jellyfish,  53; 
type  of  segmented  worm,  53;  type  of  star- 
fisli,  53;  type  of  vertebrates,  52,  54 
Stru(  lure,  and  adajitation,  52  55;  of  atoms, 
126;  of  <  liromosomes,  709;  of  matter,  116; 
of  mollusk,  53;  nf  protoplasm,  176,  183- 
1  85;  restiii  lions  on,  53 
Struggle  lor  existeiK  e,  8()3,  864 
Sliyi  Inline,  363 
Siryr/mns  nu\  romirti,  363 
Style,  Mown.  298.  299,  302 
,Styl(iny<  bill,  385 


Subclavian,  artery  of  frog,  600;  artery  of 
mammal,  610;  artery  of  man,  607,  610; 
vein  of  man,  609 
Subculturing  bacteria,  226 
Suberin,  327,  339 

Subesophageal  ganglion  of  crayfish,  451, 
452 

Sublingual  gland  of  man,  550,  551 
Submaxillary  ganglion,  636 
Submaxillary  gland  of  man,  550,  551 
Submergence  of  land,  812 
Submucosa  of  frog,  549 
Subspecies,  867 

Substances,  chemical,  115;  growth,  349 
Substitution,  chemical,  155 
Subumbrella  of  medusa,  394 
Sucrase,  563 
Sucrose,  159 

Sugar,  30,  227;  beet,  360;  blood,  566;  cane, 
157,  359,  563;  milk,  563 
Sulfa  drugs,  250 
Sulphanilamide,  250 
Sulphapyridine,  250 
Sulphate  ion,  139 
Sulphathiazole,  250 

Sulphur,  117,  129,  130,  155,  231,  557; 

bacteria,  221,  223,  231 
Sun,  energy  from,  755 
Sunfish,  515,  781 

Sunflower,  295,  311,  317,  771;  stem,  329 
Superior,  528;  ovary,  313;  vena  cava  of 
mammal,  610;  vena  cava  of  man,  608, 
609,610 

Superposition,  law  of,  813 
Supplemental  air,  580 
Supporting  membranes,  540;  tissues,  104 
Suppression  in  flower,  312 
Supracsophageal,  ganglion  of  crayfish,  451, 
452 

Suprapharyngcal,  ganglia  of  earthworm, 
434 

Suprarenal  glands,  652 
Suprascapula  of  frog,  533 
Surface  action,  168 
Surface  tension,  169,  170 
Survey,  of  animal  kingdom,  69;  of  plant  king¬ 
dom,  64 

Survival  of  the  fittest,  863,  864 
Suspensor,  flowering  plant,  303;  Rhizopus. 

208;  Selaginella,  21 A 
Suspensory  ligament  of  lens,  642,  643 
Sutures,  536 
Swallowing,  561 
Swallows,  82 

Swammerdam,  Jan,  21,  22 
Swarm,  bee,  480;  termites,  483 
Sweet,  corn,  357;  potato,  488 
Swifts,  82 

Swiuuueret  of  crayfish,  443 
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Swordfish,  80 

Symbiosis,  66,  217,  218,  401,  790 
Symbols  of  elements,  116 
Symmetry,  bilateral,  415;  of  flower,  311 
Sympathetic,  ganglion  of  frog,  624;  nerve  of 
frog,  624;  system,  638 
Sympetalous,  312 
Symphysis,  537;  pubis  of  man,  534 
Synapse  of  nerve  cells,  621 
Synapsis  of  chromosomes,  704,  7)0 
Syncytium  of  Ascaris^  421 
Synergid  of  flowering  plant,  300,  302,  304 
Synovial,  fluid,  537;  membrane,  537 
Synthesis,  167;  of  peptides,  166 
Syphilis,  223,  243 
Syria,  414 

System  of  rocks,  815 
Systematics,  60 

Systemic,  arch  of  frog,  599,  600,  604;  arterial 
system  of  frog,  600;  circulation,  18;  cir¬ 
culation  of  frog,  605 
Systems  of  organs,  39 

Tadpole,  18,  516,  598,  681,  685,  781 ;  afferent 
branchial  arteries,  598;  arterial  system, 
598;  circulation,  598;  development  of, 
679-689;  dorsal  aorta,  598;  effect  of 
thyroxine  on,  653;  efferent  branchial 
arteries,  598;  gill  clefts,  598;  hepatic  vein, 
598;  liver,  598;  lung,  598;  metajnorphosis, 
687,  688;  pulmonary  artery,  598;  pul¬ 
monary  vein,  598;  sagittal  section,  681 
Taenia,  414;  see  also  Tapeworm 
Tail,  fan  of  lobster,  443;  spermatozoon,  673 
Tamias,  522 
Tanning,  236 

Tapeworm,  beef,  414;  bladderworm,  411, 
413;  cysticercus,  411,  413;  dwarf,  414; 
excretory  canal,  412;  fish,  413;  hermaph¬ 
roditism,  412;  ovary,  412;  oviduct,  412; 
pork,  410,  414;  proglottids,  411;  repro¬ 
ductive  organs,  412;  rostcllum,  411; 
scolex,  411;  shell  gland,  412;  Taenia,  410- 
413;  testis,  412;  uterus,  411,  412;  vas 
deferens,  412;  yolk  gland,  412 
Tap>eworms,  73 
Tapir,  85,  523 
Tarantula,  477;  killer,  477 
Tarpon,  515 

Tarsals,  frog,  536;  man,  535 

Tarsus,  bee,  462-464;  grasshopper,  456,  457 

Tartar  emetic,  410 

Tartaric  acid,  237 

Tasmania,  518,  519 

Taste,  47;  bud,  640 

Taxidea,  771 

Taxonomy,  11,  60 

Tea,  359 

Tear  gland,  641,  642 


Teeth,  546,  557;  canine,  546;  frog,  544; 
horse,  evolution  of,  858-859;  incisor,  546; 
man,  544,  547;  milk,  546;  molar,  546; 
premolar,  546;  wisdom,  849 
Telencephalon,  628;  evolution  of,  637;  of 
man,  630,  631 
Tcleostei,  515;  fossil,  825 
Teleutosporrs,  214 
Telophase,  108,  110 
Telson,  crayfish,  446;  lol>stcr,  443 
Temperature,  755;  body,  571,  591;  as 
stimulus,  46 

Temporal  lobe  of  man,  625 
Tendon  of  Achilles,  537 
Tendrils,  333 

Tentacle,  Aurelia,  396;  Hydra,  32;  medusa, 
394;  sea  anemone,  398 
Tergum,  bee,  462;  crayfish,  443,  444;  grziss- 
hopper,  454,  455 
Termer,  483;  see  also  Termite 
Terminal,  arborizations  of  nerve  cell,  106; 

branch  of  nerv'c  cell,  619,  620;  buds,  296 
Termite,  488;  colony,  483;  fossil,  824;  queen, 
483,  484;  soldier,  483;  worker,  483 
Termites,  78,  477,  483,  489;  castes,  483; 

social  system,  483;  swarm,  483 
Tertiary  period,  816,  830-833 
Test  of  pregnancy,  668 
Testicular  hormone,  665 
Testis,  407;  Ascaris,  422;  bee,  469;  Bryozoa, 
496;  Clonorchis,  409;  crayfish,  452;  descent 
of,  662;  earthworm,  428,  436;  endocrine 
function  of,  655;  fluke,  407;  frog,  541,  548, 
659,  660;  grasshopper,  461;  Hydra,  37, 
38;  man,  461,  462;  medusa,  395;  Planar ia, 
404;  tapxrworm,  412 
Testosterone,  665 
Tetanus,  223,  231,  239,  243,  245 
Tetany,  656 

Tetrad,  chromosomes,  704;  sp>ores,  266 

Tetramcrous  flowers,  311 

Tetraploid,  735 

Textiles,  362,  363 

Thalamus,  frog,  629;  man,  631 

Thales,  838 

Thallophyta,  65,  195 

Thallus,  253;  of  lichen,  216;  plants,  65,  195- 
219 

Theelin,  665 

Theory,  5;  of  germinal  selection,  865;  of 
orthogenesis,  865;  of  recapitulation,  608 
Theriodonts,  823 
Theropod,  827 
Thiamin,  558,  559 
Thigh  of  frog,  526 
Thigmotropism,  348 
Thiobacteriales,  223,  231 
Thiothrix,  223 

Third  ventricle,  frog,  629;  man,  545 
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Thoracic,  duct  of  lymphatic  system,  614, 
615;  ganglion  of  crayfish,  451;  vertebra  of 
man,  532 

Thorax,  arthropod,  441;  grasshopper,  455, 
457 

Threshing  wheat,  356 
Thrips,  488 
Thrombocytes,  588 
Thrushes,  82 
Thymus  gland,  657 

Thyroid  gland,  651,  653,  656;  endocrine 
function  of,  654 

Thyrotropic  hormone,  654,  657 
Thyroxine,  557,  653,  654;  effect  on  tadpoles, 
653 

Thysanoptera,  488 

Tibia,  bee,  462,  463,  464;  grarishoppcr,  456, 
457;  man,  535 
Tibiofibula  of  frog,  536,  538 
Ticks,  78,  442 
Tidal  air,  580 
Tidepool,  788,  790 
Tiger,  520;  saber-toothed,  833 
Tillers  of  wheat,  355 
Timber,  361,  362 
Timber  wolf,  775 
Timetable,  geological,  814 
Tinea,  489 
Tineola,  489 

Tissue,  39,  321;  conducting,  102,  325;  con¬ 
nective,  538;  culture,  92;  muscle,  105; 
primary,  322,  326;  secondary,  326;  sup¬ 
porting,  104;  vascular,  325 
Toad,  muscles  of  leg,  538 
l  oads,  80 
'roadsto<jl,  66 
Tobacco,  359 
I’ocopherols,  558 
'I’omato,  315,  316,  424 

Tongue,  l)ce,  462;  frog,  544,  548,  575;  man, 
544,  545,  551,  640 
Tonsil,  547;  man,  545 
Tools,  894 

Tooth,  crown,  546;  neck,  546;  pulp  cavity, 
546,  547;  root,  546 
'Tortoise,  517;  embryos,  850 
Tortoises,  81;  land,  855 
Total  cleavage,  690 
Toxin,  238,  244 
'TV)xoid,  247 

Trachea,  77;  1mm-,  467;  frog,  548;  grass- 
hopjKT,  459;  man,  577,  578 
Tradieid,  annular,  324;  pitted,  324;  spiral, 
324 

Tracheole.s,  l>ee,  467 

Tr.i(  t,  nerve  fiber  of  amphibian  brain,  633; 

fjptic,  624 
Trail  fossil,  81 1 

Transformation  of  energy,  124,  125 


Transfusion  of  blood,  592,  593 
Translocation,  in  chromosomes,  737;  in 
plant,  346 

Transmission  of  infectious  diseases,  239 
Transpiration,  295,  343;  stream,  342 
Transverse,  colon,  551,  552;  division  of 
Hydra,  37;  division  of  Paramecium,  382; 
fission  of  Planaria,  405 ;  process  of  vertebra, 
531,  532 
Trawl,  23 

Tree,  ferns,  264;  fossil,  831;  rubber,  361; 

trunk,  329;  tulip,  361 
Trees,  295,  760 
Trematoda,  73 
Treponema,  223,  243,  250 
Trial  and  error,  Paramecium,  382 
Triassic,  816 

Triatoma,  kissing  bug,  488 
Tribes,  Neolithic,  906 
Trichina  worm,  423 
Trichinella,  423 
Trichinosis,  423 
Trichocysts  of  Paramecium,  380 
Trichodina,  386 
Trichophaga,  489 
Trichoptera,  488 

Tricuspid  valve  of  heart,  611;  mammal,  610; 
man,  610 

Trigeminal  nerve,  632;  man,  625 

Trillium,  759,  761 

Trilobite,  819,  821 

Trilobites,  442 

Trimerous  flowers,  311 

Trinil,  893 

Triolein,  162 

Tripalmitin,  162 

Triple  bonds,  154 

Triploblastic,  403,  415 

Triploid,  735 

Tristearin,  161 

Triticum,  355 

Trochanter,  bee,  463;  grasshopper,  454,  456, 
457 

Trochlear  nerve  of  man,  625 
Trophoblast,  human,  667,  695;  rabbit,  693 
Trophozoite  of  Plasmodium,  386,  387 
Tropical-rain  forest  zone,  806 
Tropisin,  347 
Trout,  80 

True,  ribs  of  man,  532;  vocal  cords  of  frog, 
577 ;  vocal  cords  of  mcin,  577 
Truffles,  360 

Truncus  arteriosus,  frog,  600 
Trunk,  Dolkhoglossus,  510;  Hemichorda, 
512;  tree,  329^ 

Trypanosoma,  378;  crithidiaJ  forms,  378; 
gamhiense,  379 

Trypanasome,  379;  also  Trypanosoma 
Trypanosomiasis,  389 
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Trypsin,  562,  563 
Tsetse  fly,  379 
Isuga^  67 

TuIjc,  cell,  301;  cell  of  pine,  288,  289;  feet  of 
starflsh,  498;  nucleus  of  pine,  290;  sieve, 
325 

TuIxt  of  potato,  360 
Tulxrcle  bacillus,  241 
Tubercles  in  roots,  229 
Tulxrculosis,  223,  237,  243,  365,  485 
Tuberous  Ixxlics  of  Equiutum^  271 
l  ubes,  cgK,  702 

Tulx-wiihin-a-tube  type  of  structure,  419, 
420,  425,  429,  439,  441,  464 
1  ubijexy  438 

Tubules,  uriniferous,  582 

Tularemia,  365 

Tulip  tree,  361 

'I  nna,  515 

Tundra,  805 

Tunic,  kidney,  584 

Tunicates,  512 

Turbatrix^  72 

Turlxllaria,  72,  73,  403 

Turkey,  82;  mutation,  719;  wild,  768 

Turnip,  360,  424 

Turpentine,  361 

Turtle,  80,  517;  loggerhead,  802;  mud,  81; 

painted,  780 
Tusk  of  elephant,  524 
Twins,  identical,  741,  742 
Tympanic,  cavity  of  car,  648;  membrane  of 
ear,  648 

Tympanuchusy  772 
Tympanum  of  car,  527,  646,  648 
Tyndall  cfTcct,  172,  173 
Typx,  structural,  52 

Typxs,  blood,  591-593;  of  parasitism,  416 
Typhlosolc  of  earthworm,  430,  432 
Typhoid  fever,  223,  232,  239,  243,  245,  246, 
365,  485 

Tyranasaurusy  825 
Ulna  of  man,  535 

Ulothrixy  197,  198,  200,  203,  277;  eyespot, 
197;  gametes,  197;  zoospores,  197 
Ultrafilters,  173 
Ultramicroscope,  172,  173 
Ulvoy  66,  202,  203 
Umlxl,  310 

Umbilical  cord,  667,  668,  669;  of  man,  694 
695 

Umbo  of  mussel,  500 
Unconformity  of  strata,  813 
Unequal  cleavage,  691 
Ungulates,  523 

Unicellular  animals,  70,  369,  784;  see  also 
Protozoa 

Uniformitarianism,  841 


Unisexual  flowers,  312 

Unit  character,  723,  729 

United  States,  410,  411,  414,  423,  424 

Units  of  length,  121 

Upper  jaw  of  frog,  530 

Urchin,  sea,  74 

Urea,  37,  189,  569,  570,  585,  586 
UredinaJes,  213 
Uredospores,  214 

Ureter,  frog,  548,  581,  582,  660;  man,  584, 
661,  664 

Urethra,  man,  584,  661,  664 
Urinary  bladder,  frog,  548,  581,  582;  man, 
584 

Urine,  585;  excretion  of,  585 
Uriniferous  tubules,  582,  585,  586;  reabsorpn 
tion  in,  586 

UrinogenitaJ  artery  of  frog,  600 
Urochord,  atrium,  512;  brain  vesicle,  512; 
endostyle,  512;  eye,  512;  gills,  512;  heart, 
512;  larva,  512;  mouth,  512;  nerve  cord, 
512;  nervous  s>stem,  512;  notochord,  512; 
oiocyst,  512;  stomach,  512 
Urochordata,  511,  512,  791;  see  also  Uro¬ 
chord 

Urochords,  511;  see  also  Urochordata 
Uropod,  crayfish,  446;  lol»ter,  443 
I  ’rosalpinXy  787 
Urostyle  of  frog,  541 
Useful  insects,  484 

Uses,  of  com  plant,  358;  of  plants,  354 
Ustilaginales,  213 

Uterus,  666,  668;  of  AuariSy  422;  of  fluke, 
407;  of  frog,  659;  human,  663,  664,  695; 
in  pregnancy,  695;  of  tapeworm,  411,  412 
Utriculus,  car  of  frog,  646 

Vaccination,  245 
\*acuolar  membrane,  101 
Vacuole,  cell,  95,  97;  contractile,  373;  of 
Euglena,  375,  376;  o(  Spirog^ray  28 
N'agina,  .iscarby  422;  bee,  470,  grasshopper, 
461;  man,  664;  Planariay  404 
Vagus,  nerve,  633;  man,  625 
\'alcnce  bond,  131 

\'alve,  bicuspid,  611;  of  diatoms,  202;  of 
mussel,  500 

\'an  Leeuwenhoek,  Antony,  18,  21 
V'ariation,  715-720,  863;  in  heights,  717, 
718;  within  spxcies,  867 
Varnishes,  362 

Vas  deferens,  Ascarisy  422;  bee,  469;  Clonorchby 
409;  craydish,  452;  earthworm,  428,  436, 
437;  fluke,  407;  grasshopper,  461;  man, 
661,  662,  663;  PlananOy  404;  tapeworm, 
412 

\’asa  efferentia  of  frog,  659 
Vascular  bundle,  332;  stem,  328,  329 
Vascular)  ray's,  327,  331;  system  of.bee,  468; 
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system  of  crayfish,  450;  system  of  verte¬ 
brate,  509,  510;  tissue,  325 
Vegetables,  354,  488 
Vegetal  pole  of  egg,  676 
Vegetative,  cell  of  pine,  289;  individuals  of 
Volvox,  376,  377;  leaves,  296;  nucleus  of 
pine,  290;  stage  of  nucleus,  107 
Vein,  594;  pulmonary,  611 
Veins,  17,  18;  leaf,  333;  mussel,  501;  valves 
in,  18 

Velar  tentacles  of  Amphioxm^  513 
Velum,  394;  medusa,  395 
Venation  of  leaf,  333 
Venezuela,  410 

Venous,  blood,  com.position,  581;  system  of 
frog,  601-603;  system  of  man,  608 
Ventilation,  581 

Ventral,  aorta  of  dogfish,  595;  fissure  of 
spinal  cord,  622;  funiculus  of  spinal  cord, 
622;  nerve  cord  of  annelid,  329;  ramus  of 
spinal  nerve,  622,  626;  root  of  spinal 
cord,  622;  siphon  of  mussel,  501,  502 
Ventricle  of  heart,  dogfish,  595,  598;  frog, 
599,  604,  629;  mammal,  610;  man,  607, 
609,  610 

Ventriculus,  bee,  466;  grasshopper,  459 
V'enus’s-flytrap,  45 

Vermiform  appendix  of  man,  551,  552 
Vertebral,  artery  of  frog,  600;  column  of 
frog,  531 ;  column,  functions  of,  532;  plate, 
686 

\Vricl>rata,  79 

Vertebrate,  appendages,  509;  circulator^' 
system,  509;  endoskeleton,  510;  gills,  509; 
heart,  5U);  lungs,  509;  ner\ous  system, 
507,  500;  neural  tuU',  510;  respiratory 
system,  508,  509;  skeleton,  507,  528;  type 
of  structure,  510;  vascular  system,  509, 
510 

Vertel)ralrs,  79,  507-524;  compared  with 
invertebrates,  5t)7  509;  Hying,  44;  nervous 
system,  618  638;  structur.il  tyjK*  of,  52, 
S4 

V'esalius,  Andreas,  6,  16 
\'esi(  le  vein  of  frog,  602 

Vessels,  annular,  32);  bloo<l,  593;  pitied, 
32^;  spiral,  325 
Wstibule  ol  m.m,  (>64 

Vestigial,  organs,  849;  ovidu*  t  of  frog,  582, 

6t.O 

I  V-r/o,  22  5.  242 

V'lllus,  56),  5o8.  569,  t)94,  ()95 
\  Illegal  ,  2  5o.  eels,  ,'2 
\inlel,  i;\ 

\’ii  (  how,  90 

\  iiiises,  liltriablr,  248  2‘)0 

\  IS.  eial,  g.mghon  ol  mussel,  SO?.;  ganglion  of 
spinal  (..id,  t. i.uiius,  (.26;  ramus  ol 
spinal  (  1)1 . 1,  (.22 


Visual,  layer  of  eye,  643 
Vital,  capacity,  580;  force,  13,  42 
Vitalistic  conception,  13 
Vitamin,  557 

Vitamins,  349,  556-561;  compared  with 
hormones,  651 
Vitelline  membrane,  689 
Vitreous,  body,  644;  humor  of  eye,  642 
Vocal,  cord  of  frog,  576,  577;  cords  of  man, 
577 ;  sac  of  frog,  544 
Voice  box  of  frog,  575 
Vole,  772 

Voluntary  muscles,  537-539 
Volvox,  377-378;  macrogametes,  377;  micro¬ 
gametes,  377;  parthenogonidia,  377,  378; 
vegetative  individuals,  376,  377 
von  Mohl,  87 
Vorticella,  385 
Vultures,  82 

Wake-robin,  759 
Walking  legs  of  crayfish,  446 
Wall,  cell,  111 
Wallace,  Alfred  Russel,  843 
Walnut,  361 
Walrus,  85,  521 
Warm-blooded,  517,  520,  571 
Wasp,  78,  477,  762;  carpenter,  475;  digger, 
475,  476,  477;  fossil,  824;  mason,  475; 
nesting  instinct,  476;  reflex,  476;  social, 
475,  477;  solitary,  475,  476,  477 
Waste,  materials  transport  of,  590 
Water,  114,  115,  131,  135,  138,  750-752; 
absorption  of,  338,  339;  bacteria  in,  231; 
chlorination  of,  234;  cohesion  ot,  343; 
cycle,  751;  ionization  of,  138,  139;  lily, 
298;  path  of,  in  leaf,  340;  path  of,  in  root, 
341;  skater,  783;  of  soil,  119,  339,  754; 
stridor,  783;  supply,  195,  232,  233 
Watermelon,  316 

Water-vascular  system  of  starfish,  499 
W  ax  pi(  k  of  bee,  462-464 
Wax  pincers  of  bee,  462 
Wax-working  of  bee,  464 
Weasel,  520 

Weaving,  Neolithic,  906 
Weevil,  487,  488;  cotton-boll,  487 
Weight,  atomic,  127 

Weismann,  August,  germin.al  selection,  865 
Whale,  85,  524 

Wheat,  311,  317,  355,  487,  905;  awn  of,  355; 
beard  of,  355;  cultivation  of,  356;  glumes 
of,  355;  harvesting,  356;  heredity  in,  740; 
lemma  of,  355,  356;  hxlicules  of,  356;  palet 
of,  355,  356;  rachis  of,  355;  rust,  213; 
spikelet  of,  355;  threshing,  356;  tillei-s  of, 
355;  winnowing,  356;  winter,  356 
Wheel  animalcule,  73,  74 
Whelk,  799 
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White,  anu,  477;  set  also  Termites;  cor¬ 
puscle,  106;  matter  of  spinal  cord,  622; 
oak,  classification  of,  62 
White-eyed  drosophila,  731-733 
Whitewood,  361 

W  hooping  cough,  223,  243,  246 
Whorl  of  leaves,  294 

Wild,  cattle,  902;  cherry,  760;  flowers,  761; 

grap>e,  760;  horse,  902 
Willow,  310 
Wilson,  E.  B.,  90 
Wines,  spoiling  of,  235 
Wing,  bee,  464;  grasshopper,  457;  insects, 
78;  movement  of  bee,  465;  muscles  of  bee, 
465 

VV'innowing  wheat,  356 
Winter  wheats,  356 

Wolf,  83,  520;  prairie,  775;  timber,  706,  775 
Wood,  361;  alcohol,  361;  pulp,  362 
Woodchuck,  523 
Woodpecker,  82,  766 
Work,  572 

Worker,  ant,  481;  bee,  478,  481;  bumblebee, 
478;  termite,  483 

Worm,  beak  thrower,  797;  bristle-\%inged, 
796;  clam,  796,  797;  filaria,  485;  opal,  797; 
ornate,  796;  trichina,  423;  tube,  783 
Worms,  783;  manure,  438;  segmented,  426- 
440,  797 
Wormwood,  771 


Wound  infection,  365 
Wrens,  82 
U'uehereria,  424 

X -chromosome,  709,  731,  737 
Xmopsylla^  487 
X-ray,  739 

Xylem,  324,  327,  331 ;  primary,  329;  ray  of  j 
stem,  330;  of  mot,  323,  326;  secondary, 
329;  of  stem,  32^732^ 

Y-chromosome,  732 
Yeast,  66,  185,  211-213,  236 
Yellow  fever,  243,  249,  485  ' 

Yellowstone  Park,  195 

Yolk,  691;  duct  of  fluke,  407;  rg^,  92,  689; 
gland  of  tapeworm.  412;  glands  of  fluke, 
407;  glands  of  Plaruiria,  404;  granules,  98; 
plug  of  frog,  678;  sac,  691,  692,  694,  695 
Yucatan.  410 

Zra.  357 
Zinc,  1 17 

Zona  pcllucida  of  egg,  674,  692,  694 
Zoology,  1 1 

Zoospores,  Oedogonium,  199;  L  lothrix,  197 

Zygospore,  Spirogjra,  31 

^,rgnrmat  65 

Zygote,  31 

Zymase,  213 


*  ^ 


ifhta.' 


C^te  Due 


G.SCI 

CIRC  Uu 

^’'.a  Y 

*■  4 

M  3 

1  RETUW 

G.SC1.MR4 

m 

G.SCI  Mft 

1 

1 

vtKCiiy  - 

1 

71 

G^CI  i\V2 

871 

V* ' 

AFK23R 

ETURK 

Mm-'-  * 

... 

CIRCC 

Cl3  7r  1 

1 '!!:  ^ 

OCTls'RtTURN 

1  mRC  OCT 

-■  i  ’76 

1 

OCT  ^  ^ 

Kt/UKN 

Ofrc  FE 1  (i  72 

1 

CIRC  -.  •- 

'T^ 

1 

\  * 

1.  .  .  i  .. 

OKI 

3  72 

•  ‘'J  •  \  f  t - 

'  f  . 

iUL  2  5  fi 

ETURN 

111 

.JAPi; 

ill 

MtHO' ^ 

fO'  '  • 

CIRCA 

=  24  72 

i 

1 

ifj 


208713 


V,- 


illNIVERSiT'/'  UBRA'R/ 


I 

I 

>  1 
G 

r\ 


QH 

308 

M46 

1947 


„  208713 

Mavor^  j.  w  :  , 

General  biology.  ^ 


CP  L-  /’ 

/  i  <3'  - 


3.0  g 


